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PREFACE. 


N the follozving Treatife I 
have avoided Hypothecs, 
and explained the Laws 
which obtain in human 
Bodies y by Ideajbn and Experiments*. 
Hypothecs, of whatever Naturey 
are not to be admitted in Philofophy . 
Now whatever is not deduced from 
the Phenomena, is to be called an 
Hypothefis. 

Harvey from Experiments and Ob- 
fervations traced out the Circular Mo¬ 
tion of the Blood\ dfter him Lower 
made fome farther Difcoveries con- 
a z cerning 













IV PREFACE. 

cerning that Motion , and the Caufes 
by which it may be difturbed, After 
thefe great Men , the Knowledge of 
the Animal (Economy received no 
very confiderable Improvement, till Sir 
lfaac Newton difcovered the Caufes 
of Mufcular Motion, and Secretion $ 
and likewife furnifhed Materials for 
explaining Digeftion, Nutrition, and 
Refpiration. To Him I am chiefly 
indebted for what I hqfee delivered on 
thofe Heads, 

In this ferond Edition / have ad¬ 
ded a Section concerning the Effects 
pf various Fluids, of Age, of dif¬ 
ferent Kinds of Weather, and of 
Exercife, on animal Fibres. 
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Animal Oeconomy. 


N this Tfeatife I {hall 
give an Account of 
the principal Parts of 
the Almmal Oecono - 
my; which I {hall ex¬ 
plain,. not by Hypothefes, but by 
Reafon and Experiments. The Parts 
I {hall treat of, are Mufcular Mo¬ 
tion^ the Motion of the Blood\ Re~ 
A fpiration y 
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fpiration y DigeJlion y Nutrition , Se¬ 
cretion y the Difcharges of Human 
Bodies y and the FffeBs of various 
Fluids y of Age y of different Kinds 
of fVeather 3 and of Exerrife, on Ani¬ 
mal Fibres. 

In order to explain the Motion of 
the Blood , I {hall premife an Ac¬ 
count of the Motion of Fluids thro 3 
Cylindrical Pipes y and prove the 
Properties of that Motion by Ex¬ 
periments. 

SECTION L 

Of the Motion of Fluids through Cy¬ 
lindrical Pipes . 

Proposition I, 

T F a gwen Fluid be moved through a 
“*• Cylindrical Pipe made of a given 
Sort of Matter^ by a Force aBing con- 

fiantly 
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fiantly and uniformly during the whole 
Time of the Motion; its Velocity , Ret¬ 
ting afide the Refiflance of the Air , 
will he in a Ratio compounded of the 
fuhduplicate Ratio of the moving Force 
direHly , and of the fuhduplicate Ra¬ 
tios of the Diameter and Length of 
the Ripe taken together inverfy. If 
F denote the moving Force , D and L 
the D iameter and Length of the Pipe y 
and V the Velocity with which the 
Fluid runs through the Pipe $ then V 

will he proportional to 

For the whole Motion of the Flu¬ 
id flowing through the Pipe will, 
like all other Motions, be mealur- 
ed by the Quantity of Matter mo¬ 
ved and its Velocity taken together. 
But the Quantity of Matter moved, 
is in a Ratio compounded of the 
Ratios of the Quantity of Matter 
or Weight of Fluid contained in the 
Pipe, of the Velocity wherewith 
A x the 
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the Fluid flows through the Pipe, 
and of the Time of the Motion. For 
the Quantity of Matter or Weight 
of Fluid contained in the Pipe, is 
pppoled to the moving Force du¬ 
ring the whole Time of its A&ion, 
and muft be moved by it for every 
indefinitely fhort Cylinder of Fluid 
difcharged by the Pipe •> that is, for 
every phyfical Point in the Length 
of another Cylindrical Pipe pf an 
equal Diameter with that through 
which the Fluid flows, and of lucli 
a Length as that it can juft contain 
the Quantity of Fluid difcharged 
in the Time of the Motion f which 
Length being as the Velocity of 
the Fluid flowing through the Pipe 
and the Time of the Motion taken 
together, the Quantity of Matter 
moved will be in a Ratio com¬ 
pounded of the Ratios of the Quan¬ 
tity of Matter or Weight of Fluid 
contained in the Pipe, pf the Ve~ 

locity 



Animal OEgongmy. y 

Jo city wherewith it flows through 
the Pipe, and of the Time of the 
Motion. And the whole Motion, 
which is as the Quantity of Matter 
moved and its Velocity taken toge¬ 
ther, will be in a Ratio compounded 
of the Ample Ratios of the Quan¬ 
tity of Matter or Weight of Fluid 
contained in the Pipe, and of the 
Time of the Motion,* and of the 
duplicate Ratio of the Velocity: 
Therefore, putting T for the Time 
of the Motioq, and Q_for the Quan~r 
tity of Matter or Weight of Fluid 
contained in the Pipe $ the whole 
Motion will be as QT V s . 

Setting afide theRefiftanceof the 
Air, this Motion would be propor¬ 
tional to the moving Force and 
Time of its adting taken together, 
that is, QTV a would be proportio¬ 
nal to FT, if the internal Surface 
of the Pipe, by Fridtion, or Attradti-, 
on, or both, did not act continually 

uport 
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upon the Fluid, moving through it, 
and caufe a Change in its Motion 
proportional to the Efficacy where¬ 
with it a<5ts; which Efficacy in a 
Pipe made of a given Sort of Mat- 
« ter, is meafored by the Ratio of the 
internal Surface of the Pipe to the 
Quantity of Fluid contained in it; 
that is, by D L applied to Q. 

And by Confequence will 

be proportional to F T: Whence V 

F 

will be proportional to 

Cor. i. If the moving Force and 
Diameter of the Pipe, be both given, 
or be proportional to each other,* 
the Velocity, fetting afide the Re^ 
liftance of the Air, will be in the 
inverfe fubduplicate Ratio of the 
Length of the Pipe. If F and D 
be given, or if p be as D; V will 

be as 
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Cor . 2. If the moving Force be 
as the Quantity of Fluid contained 
in the Pipe; the Velocity, fetting 
afide the Rehftance of the Air, will 
be in the fubduplicate Ratio of the 
Diameter of the Pipe and Denfity 
of the Fluid taken together. Put¬ 
ting A for the Denfity of the Fluid, 
if F be as D a L A; then V will be 
as v^D A. 

Cor . 3. If the moving Force be 
as the Quantity of Fluid contained 
in the Pipe, and the Denfity of the 
Fluid be given ; the Velocity, fet¬ 
ting afide the Refinance of the Air, 
will be in the fubduplicate Ratio of 
the Diameter of the Pipe. If F be 
as D a L A, and A be given; then V 
will be as'/D. 

Cor . 4. If the moving Force be 
proportional to the Square of the 
Diameter of the Pipe, and the 
Length 
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Length of the Pipe be given, or if 
the moving Force be as the Capaci¬ 
ty of the Pipe ; the Velocity, fet- 
ting afide the Refiftance of the Air, 
will be in the fubduplicate Ratio of 
the Diameter of the Pipe. If F be 
as D% and L be given, or F be as 
D a L j then V will be as /D. 

Cor. y. If the moving Force be 
as the Square of the Diameter of 
the Pipe; the Velocity, fetting a- 
fide the Refiftance of the Air, will 
be in a Ratio compounded of the 
fubduplicate Ratio of the Diame¬ 
ter of the Pipe directly, and of the 
fubduplicate Ratio of its Length 
inverfly. If F be as D z ; then will 

V be as Vj-. 

Cor. 6 . If the moving Force be 
as the Capacity of the Pipe, and 
the Diameter of the Pipe be in the 

fub~ 
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fubduplicate Ratio of its Length ; 
the Velocity, letting alide the Re¬ 
finance of the Air, will be in the fiib^ 
quadruplicate Ratio of the Length 
of the Pipe. If F be as D"L, and D 

be as y'L | then will V be as L\ 

Cor. 7. The moving Force, let¬ 
ting alide the Relillance of the Air, 
will be in a Ratio compounded of 
the duplicate Ratio of the Veloci- 
ty, and of the fimple Ratios of the 
Diameter and Length of the Pipe* 
F will be as V 2 D L. 



Proof by Experiments. 


T O prove the Truth of this 
Proportion by Experiments, 
I procured leveral Cylindrical Pipes 
of Brals, of different Diameters 

B and 
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and Lengths ; each of which Pipes 
had one End fitted to fcrew into 
the Side of a Veffel filled with Wa¬ 
ter, at three different Diftances 
from its Top, namely, at the Di¬ 
ftances of one Foot, two Feet, and 
four Feet. The Veffel made for 
thefe Experiments, was a fquare 
Wooden Veffel fomething above 
four Feet in Depth, and nine Inches 
of a London Foot in its internal 
Length and Breadth. 

Before I give an Account of the 
Experiments, it will be neceffary to 
Jliew how to meafure the moving 
Forces and Velocities of Water, 
flowing through Cylindrical Pipes 
fcrewed into the Side of a Veffel 
filled with Water. 

To meafure the moving Force 
of Water flowing through a Cylin¬ 
drical Pipe, fcrew’d into the Side of 
a Veffel filled with Water • we muft 
know the Are^ of the Top of the 

Water 
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Water in the Veffel, the Area of the 
Orifice of the Pipe, the perpendi¬ 
cular Diftance of the Place of the 
Pipe’s Infertion into the Side of the 
Veffel from the Top of the Water, 
and the Situation of the Pipe with 
refpe&to the Horizon. 

Let the Area of the Top or up¬ 
per Surface of the Water in the VeL 
fiel be called A, the Area of a Hole 
made in the Bottom or Side of the 
Veffel be called a, and the perpen¬ 
dicular Diftance of the Hole or Place 
of Infertion of the Pipe from the 
Top of the Water be called H ,* and 
then, by prop, 3 6 . lib, z. Prmctp . 
Newton, the Velocity of the Water 
flowing out of the Hole, fetting 
afide the Refiftance of the Air, will 
be equal to the Velocity which a 
heavy Body would acquire in falling 
perpendicularly and without Re- 

fiftancethro’ the Space And, 

B . z by 
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by the fecond Corollary of the fame 
Proportion, the Force generating 
the whole Motion of the effluent 
Water, will be equal to the Weight 
of a Cylinder of Water, whole Bale 
is t Parts of the Area of the Hole, 
x A*H 

ora, and whofe Height isIf 

the Area of the Hole, be exceeding 
fmall when compared with the Area 
of the upper Surface of the Water, 
that is, if a be exceeding fmall when 
compared with A 5 the Height 

^ will be very nearly equal to 

2H ; and by Confequence, the Force 
generating the whole Motion of the 
effluent Water, will be very nearly 
equal to the Weight of a Cylinder 
of Water, whofe Bafe is ~a, and 
whofe Height is iH- that is, very 
nearly equal to the Weight of the 
Cylinder % a H : But the Weight of 
this Cylinder is proportional to the 
Weight 
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Weight of the Cylinder aH, be- 
caufe is an invariable Quantity: 
And therefore, when the Area of 
the Hole is extremely fmall in com- 
parifon of the Area of the Top of 
the Water, the Force generating 
the whole Motion of the effluent 
Water, will be very nearly propor¬ 
tional to the Weight of the Cylin¬ 
der a H. 

The Force generating the Mo¬ 
tion of Water flowing thro 5 a Cy¬ 
lindrical Pipe fcrew’d into the Side 
of aVeflel fill'd with Water, and 
laid parallel to the Horizon, is 
fomething greater than the Force 
generating the Motion of Water 
flowing through a Hole whofe Dia¬ 
meter is equal to that of the Pipe, 
and which is placed at an equal 
Diftance from the Top of the 
W'ater; as will appear by confi- 
dering the Nature of thefe two 
Motions. 


In 



14 A Treatife of the 

In obferving the Motion of Wa¬ 
ter flowing through a Hole made 
in the Side of a Veffel, we may per¬ 
ceive the Vein not to fill the Hole. 
Sir Ifaac Newton , in determining 
this Motion from Experiments, 
found the Vein, after it had pafled 
out of the Hole, to grow fmaller 
and fmaller, till it came to a Di- 
fiance very nearly equal to the Dia¬ 
meter of the Hole $ at which place 
he mealured the Diameter of the 
Vein, and found it to be to the Dia¬ 
meter of the Hole, as 21 to 25. 
The Area of a traniverfe Sedtion of 
the Vein at that Diftance from the 
Hole, is to the Area of the Hole * 
as the Square of the Diameter of 
the Vein, to the Square of the Dia¬ 
meter of the Hole 5 that is, as 12 
is to 17 nearly. This Contradtion 
of the Vein arifes from the Nature 
of the Motion of the Water down 
the Veflel : For the Water falls 

down 
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down from the Top of the Veffel 
to the Hole not perpendicularly but 
obliquely, its Parts moving lateral¬ 
ly as well as downwards. From the 
Obliquity of this Motion it is, that 
the Column of the delcending Water 
grows narrower perpetually from 
the Top of the Water to the Hole, 
and to a fmall Diftance beyond it; 
and that the Vein does not fill the 
Hole, but falls within it, leaving a 
little empty Space all rpund. On 
account of this Contraction of the 
Vein, lels Water flows out, and by 
Confequence lefs Motion is gene¬ 
rated in a given Time, than would 
be produced, if the Diameter of the 
Vein at the Hole was exactly equal 
to the Diameter of the Hple. And 
as leis Motion is generated, fo the 
moving Force is likewife lefs; being 
only equal to the Weight of a Cy¬ 
linder of Water, whofe Magnitude 
is ^ a H, when the Hole is extreme- 
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ly finall in companion of the up^ 
per Surface of the Water ,• whereas 
it would be equal to the Weight of 
a Cylinder of Water whofe MagnD 
tude is iaH, if the Vein filled the 
Hole and had no Contraction be¬ 
yond it. And therefore the moving 
Force is lefs than it would be if the 
Vein filled the Hole and had no 
Contraction beyond it, in the Pro¬ 
portion of i2 to if. 

If inftead of flowing through the 
Hole into the open Air, the Water 
Mows through the Hole into a Cyl¬ 
indrical Pipe, and through that 
into the Air and if the Diame¬ 
ter of the Hole be equal to that of 
the Pipe ; the Force generating 
the Motion of the Water flowing 
through the Pipe, will be different 
from the Force generating the Mo¬ 
tion of the Water flowing through 
the Hol^. 
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f irft, let us luppole the Pipe to 
lie parallel to the Horizon; and 
then the Force generating the Mo¬ 
tion of the Water flowing thro* 
it, will be greater than the Force ge¬ 
nerating the Motion of the Water 
flowing thro 5 the Hole. For the 
Weight of Water in the Pipe, and 
the Refiftance arifing from the in¬ 
ternal Surface of the Pipe, do both 
of them, by acting in a kind of Op- 
pofition to the Weight of the de¬ 
scending Cataradt in the Veffel, re¬ 
tard the Motion of the Cataradt, 
and hinder it from flowing jfo fall 
into the Pipe, as it does thro* 
the Hole into the open Air. And 
by this Oppofitiori, they make the 
Bafe of the Catarad: at its Entrance 
into the Pipe, to Spread and grow 
broader * and by Conlecjuence, en- 
creafe the moving Force, and make 
it greater than the Force generating 
the Motion of the Water flowing 
C thro* 
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thro 5 the Hole. Hence it is evi¬ 
dent, that the moving Force wilt 
encreafe, either on encrcafing the 
Length of the Pipe or leffening its 
Diameter,- and will be greateft, 
when the Pipe is infinitely long or 
infinitely narrow: In which Cafes, 
the Bafe of the Cataract at its En¬ 
trance into the Pipe, will exactly fill 
it; and the moving Force will be 
equal to the Weight of a Cylinder 
of Water, whofe Magnitude is 2 aH $ 
and by Confequence will be greater 
than the Force generating the Mo¬ 
tion of the W T ater flowing thro* 
the Hole, in the Proportion of 17 
to uj and the Motion generated 
in the Water flowing thro 5 the 
Pipe, will be greater than the Mo¬ 
tion generated in the Water flowing 
thro 5 the Hole j and the Difference 
of thefe two Motions will be great¬ 
er when the Pipe is long or narrow, 
than when it is fhort or wide. And 

there- 
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therefore, if we luppole the Forces 
generating the Motions of Water 
flowing thro 5 Cylindrical Pipes laid 
parallel to the Horizon, to be equal 
to the Forces generating the Mo¬ 
tions of Water flowing thro 5 Holes 
of equal Diameters, and placed at 
equal perpendicular Diftances from 
the upper Surface of the Water in 
the Veflel; on which Suppofltion 
the Force generating the Motion of 
Water flowing thro 5 a Pipe, will be 
proportional to the Weight of a 
Cylinder of Water whole Magni¬ 
tude is aH, the Motion of the Wal¬ 
ter flowing thro 5 a longer or a nar¬ 
rower Pipe, when compared with 
the Motion of the Water flowing 
thro 5 a Ihorter or a wider Pipe, will 
be found by Experiments, to be 
fomething greater than it ought to 
be on this Suppofltion of the mov¬ 
ing Force, But the Difference will 
be but {mall in Pipes of fmall 
C 2, Lengths 
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Lengths and Diameters; and there¬ 
fore in the following Experiments, 
when a Pipe lies horizontally, I {hall 
fuppofe tlie moving Force to be pro¬ 
portional to the Weight of the Cy¬ 
linder aH„ 

The moving Force will become 
different, when the Pipe is inclined 
to the Horizon, The Weight of 
Water in the Pipe, as far as it em- 
creafes or leflens the Motion gene¬ 
rated by the Force, which is propor¬ 
tional to the Weight of the Cylin¬ 
der aH, muft be added to or fiib- 
du&ed from that Weight; and the 
$um or Difference, will be propor¬ 
tional to the Force generating the 
Motion of the Water flowing thro* 
the Pipe in that inclined Pofition, 
That part of the Weight of the 
Water in the Pipe, which is to be 
added to or fubdu< 5 ted from the 
Weight of the Cylinder aH, may 
He thus * 





Animal OEcongmy. 2 t 

prefent a Cylindrical Pipe, lying 
parallel to the Horizon, with its 
pnd B inferted into the Side of a 
Veffel at the per- A . 
pendicular Diftance 
of BA from the T op 
of the Water ^ the 
Force generating the 
Motion of the Wa¬ 
ter flowing thro’ this p 
Pipe, is proportional 
to the Weight of the B 
Cylinder ax AB j be- 
caufe in this Cafe H 
is equal to AB. Let & 
the Pipe be turned 
from its horizontal 
Pofition, either downwards into the 
Pofition Bd, or upwards into the 
Pofition Bj' ) and then the moving 
Force will be changed, and be pro¬ 
portional to the Weight of the Cy¬ 
linder ax Ab in the firfF Cafe, and to 
the Weight of the Cylinder ax At in 

the 
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the fecond. For the Weight of the 
Water in the Pipe Bd, on account 
pf its inclined Situation, encreafeth 
the Motion of the Water flowing 
thro’ it, and that part of this Weight, 
which is wholly (pent in encreaflng 
the Motion, is, from the Laws of 
Motion of Bodies down inclined 

Planes, the part of the Weight 

of Water contained in the Pipe, or 
of the Cylinder axBd$ and there¬ 
fore is equal to the Weight of the 
Cylinder axBb, This Weight 
added to the Weight of the Cylin* 
deraxAB, gives the Weight of the 
Cylinder axAbj which Weight is 
the Force generating the Motion of 
the Water flowing thro 5 the Pipe Bd. 
The Weight of Water in the Pipe 
B§ leflfens the Motion of the Water 
flowing thro 5 it, and that part of the 
Weight which is wholly Ipent in 
leflening the Motion, is the Weight 

of 
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of the Cylinder axB n. This Weight 
fubdu&ed from the Weight of the 
Cylinder ax AB, leaves the Weight 
of the Cylinder ax A 3, which Weight 
is the Force generating the Motion 
of the Water flowing thro 5 the 
Pipe BcP. 

If B be made the Center of a 
Circle, and Bd or Bj* the Radius, 
Bb will be the right Sine of Bdb 
the Angle of the Pipe’s Depreflioa 
below the Plane of the Horizon; 
and B.s will be the right Sine of B<a$ 
the Angle of its Elevation above it. 
And by Confequence, when the 
Pipe is depreffed below the Hori¬ 
zon, the moving Force will be pro¬ 
portional to the Weight of a Cy¬ 
linder of Water, whole Bafe is equal 
to the Orifice of the Pipe, and whole 
Altitude is equal to the Sum of the 
perpendicular Height of the Water 
in the Veffel above the place where 
the Pipe is inferted, and the right 

Sine 
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Sine of the Angte of Depreffion of 
the Pipe below the Plane of the 
Horizon : And when the Pipe is 
elevated above the Horizon, the 
moving Force will be proportional 
to the Weight of a Cylinder of Wa¬ 
ter, whole Bafe is equal to the Ori¬ 
fice of the Pipe, and whofe Height 
is equal to the Difference of the per¬ 
pendicular Height of the Water in 
the Veffel above the place of Infer- 
tion, and the right Sine of the An¬ 
gle of Elevation of the Pipe above 
the Plane of the Horizon. If S de¬ 
notes the right Sine of the Angle/ 
in which the Pipe is deprefTed below 
or elevated above the Plane of the 
Horizon $ the moving Force will be 
proportional to the Weight of the 
Cylinder axHHrS, when the Pipe 
is deprefTed below the Horizon, and 
proportional to the Weight of the 
Cylinder axH—S, when it is ele¬ 
vated above it 5 and comprehending 

both 
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both Cafes in one ExprefT ion, the 
moving Force will be as axH±s, or 
asD J xH±S, very nearly. 

So then the Velocity of Water 
flowing thro 5 a Cylindrical Pipe 
fcrew’d into the Side of a Veffei 
filled with Water* will be meafiired 

by ^/ pxH - s . For tby this Propofi- 

F < . _ 

iionN is as Vjjjr : ButF is as D 2 xH±S : 

And therefore V is as ./ P xH ir:L 

L 

Another Meafure of it may be had 
from Experiments. For the Velo¬ 
city of w ater flowing thro’ a Cy¬ 
lindrical Pipe, lying either parallel 
or inclined to the Horizon, is pro¬ 
portional to the Quantity of Water 
difcharged in a given Time, ap- 
ply’d to the Orifice of the Pipe. For 
the Quantity difcharged in a given 
Time, apply’d to the Orifice of the 
Pipe, will give the Length of a Cy- 
D lindricat 
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lindrical Pipe which can juft con¬ 
tain that Quantity ; which Length 
is the Space that would be defcribed 
in the Time of the Motion by an 
uniform Velocity, equal to the Ve- 
locity with which the Fluid flow^ 
thro 5 the Pipe when the moving 
Force adts conftantly and uniform¬ 
ly, as it will do if the Veffel be kept 
conftantly full, by pouring in Wa¬ 
ter very gently at the Top as faft as 
it runs out of the Pipe. But the Ve- 
locities of all uniform Motions are 
as the Spaces defcribed in a given 
Time; and by Confequence, the 
uniform Velocity with which the 
Length of the faid Cylinder would 
be defcribed in the given Time of 
the Motion, will be proportional 
to that Length; and therefore pro¬ 
portional to the Quantity of Fluid 
difcharged apply’d to the Orifice 
of the Pipe. Let M denote the 
Quantity of Water difcharged in 
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the given Time of the Motion - y and 
then the Velocity V will be propor¬ 
tional to, and confequently meafu- 

red by, — or qp becaufe Circles are 

to one another as the Squares of 
their Diameters, 

If the Velocity be rightly meafii- 
red by this Propofition y then /E-MizS 

muft be proportional to jpr very 

nearly , as it will appear to be by the 
following Experiments, letting afide 
the Refiftance of the Air. 

Tho 5 in this Propofitton I have 
fet afide the Refinance given by the 
Air to this' Motion, yet it will be 
neceffary to confider it, in order 
rightly to underhand the Diflur- 
bances in the Motion caufed by it. 
Water in flowing out of a Pipe into 
the open Air, communicates a Mo¬ 
tion to the Air, and lofes fo much 
D 2 of 
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of its own Motion as it commune 
cates. Now if we fuppofe the Mo¬ 
tion communicated to be propor¬ 
tional to the Square of the Diame-^ 
ter of the Vein of the effluent Wa¬ 
ter, and the Square of its Velocity^ 
taken together; then the Motion 
communicated to the Air, with re- 
fpe< 5 t to the Motion which in the 
fame Time would be generated in 
the Water., fettiog afide the Refin¬ 
ance of the Air, and that which 
arifes from the internal Surface of 
the Pipe, will be reciprocally as the 
Length of the Pipe. And by Con- 
fequence, in Pipes of the fame 
Length, the Motions communica¬ 
ted to the Air, will on this Suppo- 
fitien be proportional to thofe which 
would be generated in the Water 
if there was no Air, nor any Re- 
fiftance arifing from the internal 
Surfaces of the Pipes. And there¬ 
fore the Refiftance of the Air will 

caufe 
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caufe no Difturbance in the Propor¬ 
tions of the Motions of the Water 
flowing thro 5 luch Pipes. This 
Supposition, that the Veins of the 
effluent Water arereflfted by the Air, 
in Proportion to the Squares of their 
Diameters and the Squares of their 
Velocities, taken together, will not 
appear unreafonable, when we coiir 
fider that folid Globes in moving 
thro 5 the Air, are refilled in that 
Proportion. 

Experiment i. Three Cylindri¬ 
cal Pipes, whofe Lengths were two, 
four, and eight Feet, and whole 
common Diameter was ~£ o parts of 
an Inch, were one after another 
{brewed into the Side of the Veffel 
at the perpendicular Dillance of 
four Feet from the Top of the Wa¬ 
ter, and laid parallel to the Hori¬ 
zon. Thefe three Pipes thus fitu^- 
ated, difcharged i7j, 133, and 
97- Troy Ounces of Water in half 
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a Minute, The Pipes having equal 
Diameters, the Velocities of the 
Water flowing thro 5 them were as 
the Quantities of Water difcharged 
in equal Times ; that is, as the 
Numbers 175,133, and 97^: For 
when D is given, V is as M. By 
the other Meafure of the Velocity 
deduced from this Proportion , the 
Velocities ought to have been re¬ 
ciprocally as the Square Roots of 
the Lengths of the Pipes; that is, 
nearly as the Numbers 20000, 
14142, and 10000. For the Pipes 
having equal Diameters, being all 
inferred into the Side of the Veflel 
at the fame perpendicular Diftance 
from the Top of the Water, and all 
laid parallel to the Horizon; D and 
H were given, and Swaso- and 
confequently the Velocity, which 
I have {hewn to be meafured by 

V —jj—> ou gl lt: in theprefent Cafe 


to 
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to have been as The Veloci- 

ties from this Mealure are nearly 
proportional to thofe from Experi¬ 
ments. Thole from Experiments 
with relpe< 5 t to thele, are as the 
Numbers 175, 188, 195 : whence 
it appears, that the Velocity from 
Experiment, with relpe< 5 t to the 
Velocity exprelfed by the other 
Mealure, is lomething greater in 
the longer of any two of thele 
Pipes than in the fhorterj as it 
ought to be, from what has been 
faid, both on account of the Re¬ 
finance of the Air, and the Nature 
of the moving Force. 

Experiment 2. Three Cylindri¬ 
cal Pipes, whofe Lengths were equal, 
and whole Diameters were 
and ~~ parts of an Inch, being one 
after another fcrew’d into the Side 
of theVelfel, at the perpendicular 
Diftance of four Feet from the Top 

of 
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of the Water, and laid parallel to 
the Horizon, difcharged 179, 33^, 
and Ounces of Water in half a 
Minute. The Velocities, found 
by dividing thefe Quantities by the 
Squares of the Diameters of theif 
i^elpe&ive Pipes^ were as the Num¬ 
bers 1293, 979, and 756. By the 
other Mealure they ought to have 
been as the Square Roots of the 
Diameters of the Pipes ,* that is, 
nearly as the Numbers 193, 136, 
and 94. For the Pipes having equal 
Lengths, being all inferted into the 
Side of the Velfel at the fame 
perpendicular Diftance from the 
Top of the Water, and being laid 
parallel to the Horizon j L and H 
were given, and S was 05 confe- 

quently was in this Cafe as 

VD. The Velocities from this 
Mealure are nearly proportional to 
thofe from Experiments. Thole 

from 
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from Experiments, with relped to 
thele, are as the Numbers 670, 
7 20, 8045 whence it appears, that 
the Velocity from Experiment, with 
relpeft to what it ought to be by the 
Meafure of this Propofition , is fome- 
thing greater in the narrower of any 
two of thefe Pipes than in the 
wider; as I have (hewn it ought to 
be, from the Nature of the moving 
Force. 

Experiment 3. Two Cylindrical 
Pipes, whole Lengths were eight 
Feet and two Feet, and whole Dia¬ 
meters were and ~~ parts of an 
Inch, were lerew’d into the Side of 
the V elfel at the perpendicular De¬ 
fiances of four Feet, and one Foot 
from the Top of the Water, and 
were laid parallel to the Horizon. 
Thefe Pipes thus fixed difcharged 
87*, and 16 Ounces of Water in Half 
a Minute. The Velocities in them, 
found by dividing their Difcharges 
E by 
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by the Squares of their Diameters, 
were nearly as the Numbers 73, and 
4 6. By the other Meafure of the 
Velocity they ought to have been 
as the Square Roots of the Diame¬ 
ters of the Pipes $ that is, nearly 
as the Numbers 18 6 and 13 6 : For 
H and L were each of them four in 
the fil'd: Experiment, and one in the 
fecond, and S was nothing in both $ 
and confequently the Velocity, ex- 

preffed by in the pre- 

fent Cafe was as vD . The Velo¬ 
city in the Pipe which was nearer to 
the Top of the Veffel, was lefs than 
it ought to have been by this Mea¬ 
fure, in the Proportion of 34 to 39. 
And in all the Experiments I have 
made upon this Occafion, I have al¬ 
ways found the Velocities in the 
fame Pipes placed at different Di- 
ftances from the Top of the Water, 
to be lefs at lefs Diftances from the 

Surface 
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Surface than at greater, with relpe6t 
to what they ought to have been by 
this Proportion. This Defed; of Ve¬ 
locity may be owing, partly to a 
Diilurbance given to the Motion 
by the Water, which was poured in 
at the Top of the Veffel in order 
to keep it conftantly full, which 
Difturbance, being greater at a lefs 
Diilance from the Surface, might 
caufe a greater Lofs of Motion ; 
and partly to the moving Force’s 
being in reality iomething greater 
at a greater Diftance from the 
Top of the Water, than it ought 
to be by the Meafixre I have given 
of it. 

Experiment 4. Two Cylindrical 
Pipes of equal Diameters, and of 
the Lengths 1 and 4, were one af¬ 
ter the other fcrew’d into the Side 
of the Velfel at the perpendicular 
Diftance of four Feet from the Top 
qf the Water, and were each of 
E i them 
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them depreffed in an Angle of 30 
Degrees below the Plane of the Ho¬ 
rizon. Thefe Pipes thus lituated 
difcharged 41I and Ounces of 
Water in half a Minute. The Ve¬ 
locities in thefe Pipes, on account 
of their having equal Diameters, 
were as the Quantities difcharged. 
By the other Mealure they ought 
to have been as the Numbers 300 
and 173. For the Pipes having 
equal Diameters, and being both 
depreffed below the Horizon, that 

A H+S 

Meafure became The na^ 

tural Sine of 30 Degrees being 
equal to half the Radius, S was half 
a Foot for the (hotter Pipe, and two 

U j-C 

Feet for the longer,* and —- was 

4 i for the firft, and | or i for the 
fecond - y or 9 for the firft, and 3 for 
the fecond. But the Square Roots of 
9 and 3 are as the Numbers 309 
and 17 3, which Numbers are near¬ 
ly 
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ly in the fame Proportion as the 
Numbers 41 1 , and 25I; and there¬ 
fore the Velocities were nearly in 
the fame Proportion, as they ought 
to have been by this Proportion. 


Proposition II. 

I F a given Fluid flows through two 
Sy ferns of Cylindrical Pipes made 
of a given Sort of Matter, and con- 
fif ing each of one Trunk , and the 
fame Number of Branches arifing 
from it 5 if the Pipes of the two 
Syferns have like Situations and Ca¬ 
pacities, that is, if any two corre¬ 
sponding Pipes be fimilarly fituated 
with refpeB to the ref of the Pipes, 
and their Capacities be as the Capa¬ 
cities of the whole Sy ferns * And if 
the Forces generating the Motions in 
two corresponding Pipes be in the 

fame 
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fame Proportion as the whole moving 
Forces of the two Syflems: The Ve¬ 
locities in the two correfponding Pipes y 
fetting afide the Refifiance of the 
Air y will he in Ratios compounded of \ 
the fuhduphcate Ratios of the whole 
moving Forces of the two Syjlems di- 
reBly , and of the fuhduphcate Ra¬ 
tios of the Diameters and Lengths of 
the Pipes taken together inverjly . If 
V, v he put for the Velocities in the 
two Pipes y D, d, and L, 1 for their 
Diameters and Lengths ; andY, f for 
the whole moving Forces of the two 

p 

Syflemsy I fay y that V . v :: . 

f 

v d"r 

For by the Firfl Propofition, the 
Velocities in any two correfponding 
Pipes of the two Syflems, fetting 
afide the Refifiance of the Air, are 
to each other in Ratios compound¬ 
ed of the fubduplicate Rations of 

the 
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the Forces generating the Motions 
in the two Pipes direCtly, and of 
the fubduplicate Ratios of the Dia¬ 
meters and Lengths of the Pipes 
taken together inverfly : But by 
Suppofition the Forces generating 
the Motions in the two Pipes are in 
the fame Proportion as the whole 
moving Forces of the two Syftems: 
And therefore by Proportion of 
Equality, the Velocities in the two 
correlponding Pipes, letting alide 
the Reftftance of the Air, will be 
in Ratios compounded of the fub¬ 
duplicate Ratios of the whole mo¬ 
ving Forces of the two Syftems di¬ 
rectly, and of the fubduplicate Ra¬ 
tios of the Diameters and Lengths 
of the two Pipes inverfly. 



4 ° 
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Proof by Experiments. 
Experiment L 

I Had two Syftems of Cylindrical 
Pipes made of Brafs, each of 
which confifted of a Trunk and two 
Branches. The larger Branch of 
each Syftem was a Continuation of 
its Trunk, having an equal Diame¬ 
ter, and lying in a right Line with 
it j and the fmaller Branch of each 
made an Angle of 30 Degrees with 
the larger. The Trunks and 
Branches of the two Syftems were 
each of them one Foot in Length; 
the Diameter of the Trunk and 
larger Branch in the greater Syftem 
was Mk* and the Diameter of the 
fmaller Branch ~~ parts of an Inch % 
and the Diameter of the Trunk and 

larger 
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larger Branch in the letter Syftem 
was and the Diameter of the 
fmaller Branch parts of an Itich. 
The Trunks of thefe two Syftems 
were fuccettively fcrew’d into the 
Side of the Vefiel at the perpendi¬ 
cular pittance of four Feet from the 
Top of the Water, and were turned 
till their Branches lay parallel to 
the Horizon. In this Situation^ the 
Branches of the greater yyftem dis¬ 
charged 169- and 20, and the 
Branches of the leffer 30- and 4 
Ounces of W ater in half a Minute^ 
The Velocities in the Trunks and 
Branches of thefe Syftems* found 
by dividing the Quantities which 
flow’d thro’ them in a given l ime 
by the Squares of their refpe&ive 
Diameters, were as the Numbers 
1592,1414, and 571 in the i runk 
and Branches of the greater yftem ; 
and as the Numbers 979, 865, and 
494 in the Trunk and Branches of 
F the 
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the leffer. The Quantities of Wa- 
ter contained in thefe two Syftems, 
were as the Numbers 273 and 78 $ 
as I found by multiplying the 
Squares of the Diameters of the fe~ 
veral Pipes into their Lengths, and 
then adding the Produces of each 
Syftem into one Sum. Since all the 
Pipes of the two Syftems were at 
the fame perpendicular Diftance 
from the Top of the Water, and lay 
parallel to the Horizon, in which 
Pofition the Weights of Fluid con¬ 
tained in the Pipes made no part of 
the Forces generating the Motions 
of the Water flowing thro’ them, 
the Forces generating the Motions 
in the Trunks and correfponding 
Branches, were as the Squares of 
their Diameters, or as the Quanti¬ 
ties of Water contained in them, 
becaufe they all had the lame 
Length. And therefore had thefe 
two Syftems been truly made, fo as 

to 
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to have had the Conditions required 
in the Propofinon , that is, had the 
Quantities of Water contained in 
the Trunks and correfponding 
Branches been exactly proportional 
to the whole Quantities of Water 
contained in the two Syftems $ the 
Velocities in thole Pipes, fetting 
afide the Refiftance of the Air, 
ought to have been in the liibdupli- 
cate Ratios of their Diameters di- 
redtly. But the Capacity of the 
lefler Branch of the greater Syftem 
compared with the Capacity of that 
Syftem, was greater than the Capa¬ 
city of the lefler Branch of the 
lefler Syftem compared with the 
Capacity of its Syftem, in the Pro¬ 
portion of j to 4 nearly. The 
Velocity by Experiment in the 
lefler Branch of the greater Syf* 
tern compared with the Velocity 
by the Theory, was lefs than it 
would have been had the Branch 
F z been 
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been truly conftru<fted ; which 
grees with what 1 have already 
mewn both from Experiments and 
Reafon, namely, that in Pipes of 
different Diameters but equal 
Lengths the Velocity by Experi¬ 
ment compared with the Velocity 
by the Theory, is always greateft in 
the narroweft Pipes. The V elocity 
by Experiment with refpe<ft to the 
Velocity meafured by the Square 
Root of the Diameter of the Pipe, 
was lefs in the fmaller Branch of 
the greater Syftem than in the fmal¬ 
ler Branch of the leffer Syftem, in 
the Proportion of 21 to 2 6. A$ 
the Capacity of the fmaller Branch 
with refped to the Capacity of the 
Syftem, was fbmething greater i# 
the greater Syftem than in the lef¬ 
fer * fo the Capacity of the Trunk 
or larger Branch with refpedt to 
the Capacity of the Syftem, was on 
the contrary lomething lefs in the 

greater 
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greater Syftem than in the leffer; 
and by Conlequence, from what 
has been faid concerning the Na¬ 
ture of the moving Force, the Ve¬ 
locity by Experiment with refpedt 
to the Velocity meafiired by the 
Square Root of the Diameter of the 
Pipe, was greater in the Trunk and 
larger Branch of the greater Syftem, 
than it was in the Trunk and larger 
Branch of the leffer: In the Trunk 
it was greater in the Proportion of 
43 to 3 6, and in the Branch it was 
greater in the Proportion of 76 to 
6 3. Thefe Deviations of the i heo- 
ry from Experiments, are not Ob¬ 
jections againft it, but rather Ar¬ 
guments of its Truth j fince they 
all arife, and may be accounted for, 
from the Syftems not having exact¬ 
ly the Conditions required in this 
Propofitton. 

Experiment II. Two Syftems of 
Cylindrical Pipes, the leffer of which 



4 6 A Treatife of the 

was the greater of the two Syftems 
ufed in the laft Experiment, and the 
greater a Syftem four times as large, 
its Trunk and Branches having the 
lame Diameters,and being four times 
as long as the Trunk and Branches 
of the lefler, had their Trunks luc- 
ceflively fcrew’d into the Side of the 
Veflel at the perpendicular Diftance 
of four Feet from the Top of the 
Water, and had both their Trunks 
and Branches laid parallel to the Ho¬ 
rizon : In this Pofttion the Branches 
of the greater Syftem difcharged 
9Q-|, and 13^ and the Branches 
of the lefler idp~, and 20 Ounces 
of Water in half a Minute. The 
Diameters of the Trunks and cor- 
refponding Branches of the two 
Syftems being equal; the Veloci¬ 
ties in thole Pipes were as the 
Weights or Quantities of Water 
which flow’d thro 3 them in a given 
Time, that is, as the Numbers, 
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104^, 90^, 13 \ in the Trunk and 
Branches of the greater Syftem ; and 
as the Numbers 189^, 1 69 ^ 20 in 
the Trunk and Branches of tlie 
leffer. The Diameters of the cor- 
refponding Pipes of the two Syftems 
being equal, and the Pipes lying pa¬ 
rallel to the Horizon, and at the 
fame perpendicular Diftance from 
the Top of the Water $ D and H 
were given, and S was o ; and con- 
fequently the other Mealure of the 

Velocity in this became 

Whence the Velocities in the 

cor relpon ding Pipes of the Syftems 
ought to have been in the invcrle 
fubduplicate Ratios of the Lengths 
of thole Pipes, that is, they ought 
to have been twice as great in the 
Trunk and Branches of the Ihorter 
Syftem as in the Trunk and corre- 
fponding Branches of the longer, 

as 
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as they nearly were ; only they were 
fomething greater in the longer Syf- 
tem than they ought to have been* 
partly from a lefs Refiftance of the 
Air, and partly from the Nature of 
the moving Force, which from 
what has been faid concerning its 
Meafure, was fomething greater 
in the longer Syftem than in the 
ihortef. 

Experiment III. I placed the two 
Syftems,ufed in thelaft Experiment, 
at different perpendicular Diftances 
from the Top of the Water, with 
their Trunks and Branches parallel 
to the Horizon j and always found 
the Velocities in the Trunk and 
Branches of each Syftem, to be near¬ 
ly in the fiibduplicate Ratios of the 
perpendicular Diftances of the Syf¬ 
tem from the Top of the Water; 
only at lefs Diftances they were 
fomething lefs than they ought to 
have been by this Mealure, for the 
Realons 
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Reafons affigned in tlie third Expe** 
riment of the firft Proportion . 

Experiment IV. The two Syftems 
ufed in the fecond and third Expe¬ 
riments, were one after the other 
fcrew’d into the Side of the Veffel 
at different perpendicular Diftances 
from the Top of the Water, the 
leffer at the Diftance of one Foot^ 
and the greater at the Diftance of 
four Feet 5 and were turned till the 
leffer Branch of each Syftem was de- 
preffed in an Angle of 30 Degrees 
below the Plane of the Horizon, 
while the Trunk and larger Branch 
of each Syftem lay parallel to it: 
In thefe Situations, the Branches of 
the greater Syftem difcharged 89^ 
I7v • and che Branches of the leffer 
79, 13^ Ounces of Water in half a 
Minute. The Diameters of the cor* 
refponding Pipes being equal; the 
Velocities in them were as the 
Quantities of Water which flowed 
G thiV 
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thro’ them in the given Time of the 
Motion, that is, as io6f, 89-, 17? 
in the Trunk and Branches of the 
greater Syftem $ and as 92^, 79, 
13-i in the Trunk and Branches of 
the leffer. The Diameters of the 
correfponding Pipes being equal, 
and the perpendicular Diftances of 
the Syftems from the Top of the 
Water being as the Lengths of the 
Syftems, and the Syftems being 
fituated alike with refpecft to the 
Horizon $ D and S were given, and 
H was proportional to L; confe- 
quently in this Cafe the other Mea- 
fure of the Velocity became a given 
Quantity $ whence the Velocities in 
the correfponding Branches ought 
by that Meafure to have been equal. 
Their Differences were not great, 
and probably arofe chiefly from the 
leffer Syftem being placed nearer 
to the Top of the Water than the 
greater. 

Pro 
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Proposition III. 


I F a given Fluid flows thro 5 two 
Syflems of Cylindrical Pipes made 
of a given Sort of Matter, and con - 
fifling each of two Trunks, and the 
fame Number of Branches fimilar in 
their Situations and Capacities, that 
is, if any two correfponding Pipes be 
fimilarly fituated with refpetl to the 
reft of the Pipes, and their Capaci¬ 
ties be as the Capacities of their whole 
Syflems, if in each Syfiem the lafiand 
fmallefl Branches of the two Trunks 
be continuous, and if the Forces ge¬ 
nerating the Motions in any two cor¬ 
refponding Pipes be in the fame Pro¬ 
portion as the whole moving Forces 
of the two Syflems The Velocities in 
thofe Pipes, fetting afide the Reft fl¬ 
ame of the Air, will be in Ratios 
G z com - 
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compounded of the fuhduplicate Ra¬ 
tios of the whole moving Forces of 
the two Syftems direttly, and of 
the fuhduplicate Ratios of the Dia¬ 
meters and Lengths of the Pipes 
taken together inverfly , that is , 

F f 

v - v: Kdl- v d"T 

For by the Firfl PropoJition y the 
Velocities in any two correlpond-. 
ing Pipes of the two Syftems, fet- 
ting afide the Refiftance of the Air, 
are in Ratios compounded of the 
fuhduplicate Ratios of the Forces 
generating the Mqtions in thofe 
Pipes directly, and of the fubdupli- 
cate Ratios of their Diameters and. 
Lengths taken together inverfly: 
But by Supposition, the Forces ge-r 
iterating the Motions in two corre^ 
fponding Pipes, are as the whole 
moving Forces of the two Syftems: 
And therefore by Proportion of 
Equality, the. Velocities in two 
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correfponding Pipes, letting afide 
the Refiftance of the Air, will be 
in Ratios compounded of the fob- 
duplicate Ratios of the whole mo¬ 
ving Forces of the two Syftems di¬ 
rectly, and of the lubduplicate Ra¬ 
tios of the Diameters and Lengths 
of thofe Pipes taken together in* 
verily. 

'M ^ S $ i S $ I i' 

Proof by Experiments. 

T O confirm the Truth of this 
Propofitlon by Experiments, I 
got made of Brafs two fuch Syftems 
of Cylindrical Pipes as are repre- 
fented in thefe Figures. Each Syf- 
tem confifted of two Trunks and 
five Branches all lying in one and 
the fame Plane. The Trunks and 
Branches of each had equal Dia¬ 
meters 



54 ^ Treatife of the 

meters and Lengths. The com¬ 
mon Diameter of the Trunks and 
Branches of the greater Syftem, was 
and the common Diameter of 
the Trunks and Branches of the 
leffer Syftem, was £> 0 parts of an 
Inch. The common Length of 
the Trunks and Branches of the 
greater Syftem, was half a Foot; 
and the common Length of the 
Trunks and Branches of the leffer, 
three Inches. The Trunks of each 
Syftem opened into the Branches, 
thro’ two pyramidal Spaces, which 
were each three Inches long in the 
greater Syftem, and an Inch and a 
half in the leffer; and their Capaci¬ 
ties were nearly in the fame Propor¬ 
tion as the Capacities of their Trunks 
or Branches, that is, in the Propor¬ 
tion of 87 to io. When the Ends 
F and f were fcrew’d into the Side of 
the Yeftel at the perpendicular Di- 
fiance of four Feet from the Top of 

the? 
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the Water, and the Syftems were 
turned till their Branches lay paral¬ 
lel to the Horizon y their other Ends 
G and g difcharged 36! and 6 $ 
Ounces of Water in half a Minute. 
The Velocities in the Trunks, found 
by dividing the Difcharges by the 
Squares of their Diameters, were as 
the Numbers 1047 and 1003 near¬ 
ly. And by this Propofmon they 
ought to have been as the Numbers 
883 and 866 y which are propor¬ 
tional to the Numbers 1047 and 
1003 very nearly. And fince the 
Syftems were fimilar, and ftmilarly 
fituated, no Doubt can be made, but 
that the Velocities in correfponding 
Branches were likewife in the fame 
Proportion. 
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Proposition IV. 

y Fa given Fluid flows thro ’ two 
A compounded Syfiems of Cylindri¬ 
cal Pipes , confifling each of two Cy¬ 
lindrical Trunks , and the fame Num¬ 
ber of fmaller Syfiems like thofe de- 
fcrlbed In the lafi Proportion, the 
Trunks of which fmaller Syfiems open 
Into their refpe&lve principal Trunks 
of the compounded Syfiems , If all 
the correfpondlng Pipes of the com¬ 
pounded Syfiems have like Situations 
and Capacities , that is , if any two 
cot re/ponding Pipes be fimllarly fitu- 
ated with refpecl to the refi of the 
Pipes , and their Capacities be in the 
fame Proportion as the whole Capaci¬ 
ties of the compounded Syfiems -> and 
if the Forces generating the Motions 
in any two correfpondlng Pipes be as 
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the whole moving Forces of the two 
compounded Syftems • the Velocities 
in thofe Pipes , fetting afide the Re- 
jlfiance of the Air , will be in Ratios 
compounded of the fuhduplicaie Ra¬ 
tios of the whole moving Forces of the 
two compounded Syftems diretlly, and 
of the fubduplicate Ratios of the Dia¬ 
meters and Lengths of the Pipes taken 
together inverfly , that is, V. v ; ; 

F £ 

V DL* V d f 

The Demonftration of this Pro - 
pofition is the fame with that of the 
laft, and therefore need not be re-* 
peated* 

Cor. 1. If the whole moving 
Forces of the two compounded 
Syftems be as the Capacities of thofe 
Syftems, that is, as the Capacities 
of any two correiponding Pipes $ 
the Velocities in thofe Pipes, fetting 
H aftde 



jg A Treatife of the 

afide the Refiftance of the Air, will 
be in the fubduplicate Ratios of their 
Diameters. If F . f : : D* L. d 4 1 ; 
then will V. v:: VD. vd. 

Cor . 2. If the whole moving 
Forces of the two compounded 
Syftems be as the Capacities of the 
Syftems, that is, as the Capacities 
of any two correfponding Pipes, 
and the Diameters of correfpond- 
ing Pipes be in the fubduplicate Ra¬ 
tios of their Lengths, or of the 
Lengths of the Syftems ; the Ve¬ 
locities in correfponding Pipes, let¬ 
ting afide the Refiftance of the Air, 
will be in the fubquadruplicate Ra¬ 
tios of the Lengths of the Syftems. 
If F . f:: D 4 L. d*l, andD.d::^L. 
vl$ then will V. v:: L*. L. 

Cor. 3. If the whole moving 
Forces of the two compounded 
Syftems be as the m Power of their 

Capa- 
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Capacities, and confequently as the 
m Power of the Capacities of any 
two correfponding Pipes, and the 
Diameters of thofe Pipes be as the 
n Power of their Lengths, or as 
the n Power of the Lengths of the 
Syftems $ the Velocities in two 
fiich Pipes, fetting afide the Re- 
fiftance of the Air, will be in the 
anm + m^n^i p OWer Q f the Lengths of 

the Syftems. If F. f: : D 7 !?. dFF> 
andD.d :: L n . l n ; then willV. v:: 

mm-f m^n- 1 < % n m 4*m n - i 


Cor . 4, The whole moving For^ 
ces of the two compounded Syftems 
are in Ratios compounded of the 
duplicate Ratios of the Velocities 
in two correfponding Pipes, and of 
the fimple Ratios of their Diameters 
and Lengths, that is, F . f : : V s 
DL. v'dl. 

H z 


$cho~ 
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Scholium . 

This Proportion will hold true, if 
the two Sy Items be made of Coni¬ 
cal Pipes equal in their Capacities 
and Lengths to the Cylindrical 
ones, and fo obftru£ted, as that the 
greateft or leaft Diameters of any 
two correfponding Conical Pipes 
fhall every where bear the fame Pro¬ 
portion to each other, as the Dia¬ 
meters of the two Cylindrical Pipes 
which are equal to them. 


Proposition Y. Problem I. 

T H E Velocity of a given fluid 
moving thro 5 a Cylindrical Pipe 
of a given Diameter and Length , and 
the force generating the Motion , be¬ 
ing given j it is required to determine 
the Vdocities generated by an equal 

force 
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Force in the feverul Parts of a Syftem 
Me one of thofe defcribed in the Third 
Proportion. 

The two Forces generating th£ 
Motions in the Cylindrical Pipe and 
in this Syftem being equal by Sup- 
pofition $ their Meafures will be fo 
too. For the Force generating the 
whole Motion in the Syftem, is the 
Sum of the Forces generating the 
Motions in all its Parts; and the 
Meafures of the Forces generating 
the Motions in the feveral Parts of 
the Syftem, are in Ratios com¬ 
pounded of the duplicate Ratios of 
the Velocities in thofe Parts, and of 
the fimple Ratios of their Lengths 
and Diameters,* by Cor. 7. Prop, 1. 
Wherefore putting Lfor the Length 
of the Cylindrical Pipe, D for its 
Diameter, V for the Velocity of 
the Fluid moving through it ; 1 for 
the Length of that Trunk thro* 

which 
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which the Fluid flows into the Sys¬ 
tem, d for its Diameter, and x for 
the Velocity of the Fluid flowing 
thro 5 it ; A for the mean Length of 
the Branches, A for the Diameter 
of a Cylinder whofe Length is that 
mean Length, and whofe Orifice is 
equal to the Sum of the Orifices of 
all the Branches ,• a for the Length 
of the other Cylindrical Trunk, and 
® for its Diameter : the Mealure of 
the Force generating the Motion of 
the Fluid flowing thro 5 the Cylin¬ 
drical Pipe will be V a D L ,• and the 
Mealure of the Force generating the 
Motion in that Trunk which leads 
into the Syftem will be x 1 d 1 . The 
mean Velocity in the Branches, is 
to x the Velocity in that Trunk, as 
d% is to A a 5 becaufe the Velocities 
of the fame Quantity of Fluid flow¬ 
ing thro 5 two Cylindrical Pipes in 
the fame Time, are reciprocally 
proportional to the Squares of their 

Dia- 
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Diameters $ whence the mean Ve¬ 
locity in the Branches will be — $ 

and the Meafure of the Force ge* 
iterating the Motion in the Branch¬ 
es taken all together, will be : 

By the fame Reafoning the Velo¬ 
city in the other Trunk thro 5 which 
the Fluid flows out of the Syftem, 

will be ~ : and the Meafure of the 

Force generating the Motion of the 
Water flowing through it, will be 

— f - * : But the Sum of the Forces 

generating the Motions in all the 
Parts of the Syftem, is by Suppo- 
fition equal to the Force generating 
the Motion in the Cylindrical 
Pipe; and by Confequence, x a d 1 

= V* D L j whence 
V , PL 

x is equal to 4 , *. 

d ,+ A 3i “ S “ 


If 
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If this Value of x be fubftituted 
in its Room in the Meafure of 
the mean Velocity in the Branch¬ 
es ; that Meafure will become ^ 

DL 


If the faid Value of x be fubfti- 
tutedinitsRoomin^-i the Mea- 

fere of the Velocity in the other 
Trunk,* that Meafere will become 
V , DL 

-V-r--- 


Cor. i. If the Capacity of the 
Branches be encreafed by an En¬ 
largement of their Diameters or an 
Encreafe of their Number, that is* 
if A be encreafed, all other Things 
continuing the fame; the Veloci¬ 
ties generated by a given Force* will 

be 
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be greater in the Trunks and lefs in 
the Branches* than they were be¬ 
fore this Change happened in the 
Capacity of the Branches. 

Cor. i. If the Capacity of the 
Branches be leffened by a Contrac¬ 
tion of their Diameters or a De~ 
£reafe of their Number, that is, if 
A be diminifhed, all other Things 
continuing the fame ; the Veloci¬ 
ties generated by a given Force, will 
be lefs in the Trunks and greater in 
the Branches, than they were be¬ 
fore this Change was made in the 
Capacity of the Branches. 

Cor. 3. If the two Trunks of the 
Syftem be given $ the Velocities ge¬ 
nerated by a given Force, will be 
greateft in the Trunks and leaft in 
the Branches, when A is infinite $ in 

which Cafe the Term will va- 
I nifh 
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nidi or become nothing: The Ve¬ 
locity in the Trunk, through which 
the Fluid flows into the Syftem, will 
V , P L 

be meafured by J - * l_ , : The Ve- 

d J ' i y 

locity in the Branches will be 
infinitely little * And the Velo¬ 
city in the other Trunk will be 
V p L 

X» 1 , * . 


Cor. 4. If the Velocity in the 
given Cylindrical Pipe be equal to 
the Velocity in that Trunk thro s 
which the Fluid flows into the Sys¬ 
tem, that is, if V be equal to x, 
and confequently V a equal to x 1 ; 
and if the Diameter of the Pipe, 
be equal to the Diameter of that 
Trunk, that is, if D be equal to 
d $ then the Length of the Cy¬ 
lindrical Pipe or L, will be equal 


. d J A 4 ; a 

tol+^r+^r 


Cor. 
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Cor. 5. If the Branches taken 
together, be wider than either of 
the Trunks $ the mean Velocity in 
them will be lefs than it is in the 
Trunks: And if one Trunk be wider 
than the other, the Velocity will be 
lefs in Proportion as the Trunk is 
wider. 

Proof by Experiments. 

1 1 *HE greater of the two Syftems, 
which were made for the Proof 
of the Third Proportion , was fere wed 
into the Veffel at the perpendicular 
Diftance of four Feet from the Top 
of the Water, and turned till its 
Branches were parallel to the Ho¬ 
rizon. The Branches of this 
Syftem were fo contrived, that their 
Ends which were next to the Veffel 
might be opened or {hut by little 
I z Brals 



68 A Treatlfe of the 

Brafs Valves or Sliders. This Syf- 
tem being thus fituated, when the 
Branch G only was open ; the 
Trunk G difcharged 29^ Ounces of 
Water in half a Minute: When the 
three Branches b, c, d were open, 
it difcharged 3 6 Ounces in half a 
Minute : And when all the five 
Branches were open, it difcharged 
3 6| Ounces in the fame Time. The 
Velocities in the two equal Trunks, 
were as the Quantities difcharged. 
When one Branch only was open, 
the Velocity in that Branch, was 
equal to the Velocity in the Trunk ,• 
and therefore the Velocity in the 
Branch C, when the reft of the 
Branches were lhut, was as 29I. 
The mean Velocity in the three 
Branches, found by applying 3 6 
to 3 the Sum of their Orifices, the 
Orifice of each of the Trunks being 
1, was as 12: and the Velocity in 
the five Stanches, when t ^ ey welT 

all 
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all open, found by dividing 36! by 
y, was as 7-. Thefe were the true 
Velocities in the Trunks and 
Branches in thefe three Experi¬ 
ments. I fhall now fliew what 
they ought to have been by this 
Problem. 

The two Trunks and Branch G 
taken together, may be confidered 
as one Cylindrical Pipe $ and there¬ 
fore may reprefent the given Cy*> 
lindrical Pipe in this Problem, in 
which the Velocity V is as 29^* 
The Trunks and Branches of this 
Syftem having all equal Diameters* 
D, d, and s were equal. The Lengths 
of the two Trunks were equal, and 
when added together, their Sum 
was equal to the Length of the 
Branches added to the Lengths of 
the two pyramidal Spaces into which 
they opened $ therefore 1 was equal 
to and 1 + a equal to A if the 
pyramidal Spaces be confidered as 

Parts 
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Parts of the Branches, on which 
Snppofition L was equal, to 14 - * + a ; 
and by Confequence equal to two 
Feet $ and 1 and a were each half a 
Foot, and a one Foot. I he Velo- 
-city in the Trunks, d being i, will 
^ z 

be expreffed by z $\ f i there¬ 

fore when three Branches were 
open, kfid by Confequence a equal 
to ^3, the Velocity ought to have 
been nearly as 3 8 : And nearly as 
40, when all five were open, and 
A equal to v/ y. 

The Velocities in the Branches, 

expreffed by ^ ought to 

have been 12 1 , when three Branches 
were open j and 8, when all five were 
open. The near Agreement of thefe 
Velocities* With thole from Experi¬ 
ments, (hews the Velocities in the 
Trunks arid Branches of this Syftem 

to 
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to be rightly determined by this 
Problem. 

Proposition VI. 

I F a given Fluid flows thro 3 a fimple 
Syftem of Cylindrical Pipes , con- 
fifling of one Trunk and any Number 
of Branches ; the Velocity in any Pipe 
will be greater or left, according as 
the moving Force of the Syftem is 
greater or lefs 7 as the Pipe is wider 
or narrower , fhorter or longer y near¬ 
er to or farther from the moving 
Force , as the IV?ight of Fluid in the 
P ipe confpires with or oppofes its Mo¬ 
tion^ or as any of the other Pipes of 
the Syftem is lengthened or Jhortened\ 

That the Velocity in any Pipe 
of this Syftem is greater or lels, as 
the moving Force of the Syftem is 

greater 
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greater or lefs, as the Pipe is wideF 
or narrower, fhorter or longer, or 
as the Weight of Fluid contained in 
the Pipe Cohfpires With or oppofes 
its Motion ; has been fully proved 
in the foregoin gPropofittons. And 
that the Velocity is greater or lefs, 
as the Pipe is nearer to or farther 
from the moving Force, may be thus 
proved. From the Nature of this 
Motion, the whole rtioving Force is 
refilled by the Quantity of Fluid 
contained in the whole Syflem: And 
that part of this Force which moves 
the Fluid through any Pipe, is re¬ 
filled by the Quantity of Fluid in 
that part of the Syflem which lies 
before it y the Refiflance therefore 
will be greater or lefs, as a Pipe is 
nearer to or farther from the mo¬ 
ving Force: But as the Refiflance 
is greater or lefs, the Preffure of 
the moving Fluid againfl the Ori¬ 
fice of the Pipe, and confequently 



Animal OEconomy. 73 

t|ie Velocity in the Pipe, is greater 
or lels 5 and therefore, caterls pa¬ 
ribus , the Velocity in a Pipe is 
greater or lels, as it is nearer to or 
farther from the moving Force. 
Laftly, the Velocity in a Pipe will 
be greater or lels, cteieris paribus, 
as any of the other Pipes of the 
Syftem is lengthened or Ihortened: 
For by lengthening or Ihortening a 
Pipe, the Reliftance given by the 
Fluid contained in it to that part 
of the moving Force of the Syftem 
which is Ipent on that Pipe, becomes 
greater or lels than it was before ? 
But a greater or lels Reliftance makes 
the moving Force to a<5t more or 
lels powerfully on the other Pipes, 
and encreafes or lelfens the Velo-* 
cities in them : And therefore the 
Velocity in a Pipe will beencrealed 
or leflened, extern paribus, as any 
of the other Pipes is lengthened or 
Ihortened. 

K 


Proof 
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Proof by Experiments. 


T HAT the Velocity in a Pipe 
of this Syftem is greater or 
left, as the moving Force of the 
Syftem is greater or left, as the 
Weight of Fluid contained in it 
confpires with or oppofes its Mo¬ 
tion, or as the Pipe is wider or nar¬ 
rower, lhorter or longer, is fully 
proved by the Experiments of the 
foregoing Proportions . And that 
the Velocity is greater or left, as 
the Pipe is nearer to or farther from 
the moving Force, or as any other 
Pipe of the Syftem is lengthened or 
fhortened, will appear from the fol¬ 
lowing Experiments. 

A Syftem of Cylindrical Pipes, 
confifting of a Trunk, and three 
Branches 
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Branches of equal Diameters and 
Lengths, all lying in the fame 
Plane $ was {crew’d into the Side of 
a Veifel fill’d with Water. The 
Branches were placed at the Di- 
ftances of four, nine, and fixteen 
Feet from that End of the Syftem 
where the moving Force was ap~ 
ply’d, and beginning with that 
which lay neareft to the moving 
Force, they difeharged in a given 
Time Quantities of Water, which 
were as the Numbers 9, 6 , and 5. 
The Branches having equal Diame^ 
ters, the Velocities in them were 
as the Quantities difeharged; and 
therefore, the Velocity in a Pipe 
will be greater or lefs, cceteris pa.** 
ribus y as the Pipe is nearer to or 
farther from the moving Force, 

A given Branch at the Pittance 
of one Foot from the moving Force 
difeharged 20 Ounces of Water in 
half a Minute, when the Length of 
K £ the 



y6 A Treatife of the 

the Trunk was two Feet,- and 36 
Ounces in the fame Time, when the 
Length of the Trunk was encreafed 
to eight Feet. And a like Change 
of Velocity in a lels Degree, was 
produced by lengthening any of the 
other Branches • and therefore, the 
Velocity in a given Pipe will be 
greater or left, extern paribus^ as 
any of the other Pipes of the Syftem 
is lengthened or fhortened. 


Proposition VII. 

I F a given Fluid flows thro ’ a fimple 
Syftem of Cylindrical Pipes , con- 
fifimg of one Trunk and any Number 
of Branches j and if any Pipe of the 
Syftem be obftruBed or opened\ con¬ 
tracted or dilated\ the Velocity will 
be encreafed or dimini (hed in all the 
other Pipes of the Syftem: And the 
Increafe 
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Increafe or Diminution of Vdocity in 
any one of them , will be greater or lefs y 
ceteris paribus, as the Pipe is nearer 
to or farther from the objlruBed or 
opened\ contracted or dilated Pipe . 

Since to obftrudt or contract a 
Pipe, is in EfFedt to lengthen it ; and 
to open or dilate it, is in EfFedt to 
fhorten it ,* the firft part of this Pro- 
pofition y is true by the preceding i 
And the lecond part of it is thus 
proved. When a Pipe is obftrudf- 
ed or contradted, that part of the 
moving Force which before this 
Change generated the Motion de- 
flroyed in the obftrudted or con- 
tradied Pipe, is not loft, but Ipent 
in increasing the Motions in the 
"Dther Pipes which are open, and 
may be confidered as a new Force 
apply 5 d to the Syftem at the Place 
of ObftrudFion or Contradtion, and 
propagated from thence to all the 

other 
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other Pipes of the Syftem ; and 
therefore, by the la QtPropofrtion, the 
Velocities generated in thofe Pipes 
by this new Force, will be greater 
or lefs, as the Pipes are nearer to or 
farther from the Force, that is, as 
they are nearer to or farther from 
the Place of ObftruCtion or Con¬ 
traction. And the contrary mud 
happen, when a Pipe is opened or 
dilated j the Velocities will then be 
diminifhed in all the other Pipes, 
and the Diminution will be greater 
or lefs, cate ns paribus, as the Pipes 
are nearer to or farther from the 
Place of Aperture or Dilatation: And 
therefore the Proportion is true. 

Cor . If the fimple Syftem be fo 
conftruCted, that the Velocities 
in its Trunk and Branches be re- 
fpeCtively equal to the Velocities 
in that principal and thofe lefler 
Trunks of fuch a compounded 
Syftem of Cylindrical Pipes, as is 
defcribed 



Animal OEconomy. 79 

defcribed in the fourth Propofitlon 
or its Scholium , thro 9 which Trunks 
the Fluid flows into the compounded 
Syftem and lefler Syftems of which 
it is compofedj then, whatever 
Change is made in the Velocities 
in any two correfponding Pipes of 
the two Syftems, it will produce like 
Changes of Velocity in all the 
other correfponding Pipes $ and by 
Confluence, when the Velocity is 
leftened in any one of the faid ieffer 
Trunks of the compounded Syftem, 
it will be increafed in all the others j 
and its Increafe will be greater or 

lefs, ceteris paribus , as the Trunks 
are nearer to or farther from that 
in which the Velocity is leftened: 
And when the Velocity is increafed 
in one of the faid lefter Trunks, it 
will be leftened in all the reft: And 
its Diminution will be greater or 

left, deteris paribus , as they are 
nearer to or farther from that 

Trunk 
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Trunk in which the Velocity isin^ 
creafed. 

Proof by Experiments. 

A Syfiem of Cylindrical Pipes had 
T* five Branches, A, B, C, D, E* 
of equal Diameters and Lengths. 
1 he Branch A lay neareft to the 
moving Force, then B, and fo on 
in the Order they are mentioned. 
The Velocities in thefe Branches, 
obtained from the Quantities of 
Water difcharged in a given Time, 
were as the Numbers 94!, 68, 52, 
36!, 197, when the End of the 
Trunk was open $ and as the Num¬ 
bers 98, 767, 707, 66~, 6i£, when 
the End of the Trunk was {hut; and 
the Differences of the Velocities in 
the fame i ipes, when the End of 
the Trunk was open and fhut, were 
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3 t> 8^, i8i, 30), 4i*. When 
the Branch C Was fhut, the Veloci¬ 
ties in the Branches A* B > Dj E, 
were as the Numbers 8i~, 

43 ^Siy and the Differences be¬ 
tween thefe and the Velocities in 
the fame Branches, when C was 
open, Were 4 |, 13S, ?|,4^ And 
the fame Changes of Velocity, but 
in a leffer Degree, will be produced 
when a Pipe is only contracted. 

If the Syftem originally had had 
but the four Branches A, B, D, E, 
and afterwards the Branch C had 
been addedit is evident from thefe 
Experiments, that the Velocities in 
the original Branches would all have 
been diminifhed by the Addition of 
this new Branch; and that the Di¬ 
minution of Velocity in any of them 
would have been greater or lefs, as 
it lay nearer to or farther from the 
Branch C : But the adding a new 
Pipe to a Syftem, will produce like 
L Changes 
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Changes of Motion in the other 
Pipes, as the opening or dilating an 
old Pipe j for by all thefe, there will 
be a like Abatement of the Force 
generating the Motion in the other 
Pipes. 

Therefore by thefe Experiments 
and the Corollary of this Propofition y 
when any Pipe of the fim pie Syftem, 
or any of the aforefaid Trunks of 
the compounded Syftem, is obftruCt- 
ed or opened, contracted or dilated; 
the Velocity will be encreafed or di- 
minilhed in all the other Pipes of 
the limple Syftem, and all the reft 
of the aforefaid Trunks in the com¬ 
pounded Syftem; and its Increale 
or Diminution in any one of thole 
Pipes or Trunks, will be greater or 
lels, cateris paribus , as it is nearer 
to or farther from the Pipe or Trunk 
which is obftruCted or opened, con¬ 
tracted or dilated. 


SEC- 
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SECTION It 


Of Mufcular Motion , the Motion of 
the Blood, andRefplratlon . 



Of Mufcular Motion . 


A Mufcle appears to the Eye, to 
be compofed of two Parts of 
different Colours, one red, and the 
other white. The red is called its 
flefhy, and the white its tendinous 
Part. Some Mufcles are tendinous 
both at their Origin and Infertion, 
and flefhy only in their Middle ; and 
others are flefhy at their Origin and 
in their Middle, and tendinous only 
at their Infertion. The flefhy Part 
L 2 of 
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of a Mufcle is compofed of Fibres, 
Membranes, Neryes, Blood- Veflels, 
and Lympheduds. The Fibres are 
fmall Threads, which are fhorten- 
ed when a Mufcle is contraded, and 
lengthened when it is dilated. The 
Membranes are thin Skins, which 
run between the Fibres, are fattened 
to them, and tye them together, if 
a Piece of Flelh be boiled, till it 
become very tender, and afterwards 
be divided and ttibdivided, as far as 
tne Eye and Hand can go ■, it will 
appear, that each minute Fibre in 
the loweft Subdivittoq, is intirely 
lurrounded by its own particular 
Membrane. The Membranes, if 
they be extremely thin, are transpa¬ 
rent y and if they be thicker, they 
are of a whitifti Colour. The Nerves 
are difperfed throughout the whole 
fidhy Part, as may be gathered from 
the Pain which is produced any 
where in that Part by the fmalle^ 
Wound a 
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Wound. It has been a received 
Opinion, that the Nerves are final! 
Pipes which contain a Fluid, called 
Animal Spirits, drawn off from the 
Blood in the Brain. But it does 
not appear from any Experiments, 
that the Nerves are Pipes ,• or that 
fuch a Fluid as they conceive Animal 
Spirits to be, is feparated from the 
Blood in the Brain j and therefore 
thefe Opinions are without any juft 
Foundation. The Nerves are not 
only impervious to the fmalleft Sty¬ 
lus, but when viewed with a Micro- 
fcope, evidently appear to have no 
Cavity. And when we confider the 
Manner, in which the Favourers of 
this Opinion have explained Mus¬ 
cular Motion by Animal Spirits; we 
muft allow, that fuch a Fluid is al¬ 
together unfit for this Work. For 
thefe Reafons, many have thought 
the Nerves to be folid Threads, ex¬ 
tended from the Brain to theMufcles 

and 
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and other Parts of the Body. Sir 
Ifaac Newton is of this Opinion, as 
appears from the following Account 
he has given of the Nerves, in the 
24th Query of his Optlcks. <c I fup- 
<c pofe that the Capillamenta of the 
Nerves are each of them folid 
<c and uniform, that the vibrating 
tc Motion of the ALtherial Medium 
tc may be propagated along them 
<c from one End to the other unb 
<c formly,and without Interruption: 
cc For ObftruCtions in the Nerves 
<c create Palfies. And that they 
tc may be fufficiently uniform, I 
<c fuppofe them to be pellucid when 
€€ viewed fingly, tho’ the Refle&i^ 
lc ons in their Cylindrical Surfaces 
<c may make the whole Nerve 
cc (compofed of many Cap'tllamen- 
ic to) appear opake and white. For 
<c Opacity arifes from reflecting 
<c Surfaces, fiich as may difturb and 
“ interrupt the Motions of this Me- 

dium” 
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€C dium.” The Blood-Veflels of a 
Mufcle are interwoven in the Mem¬ 
branes, and diftributed throughout 
its whole flelhy Part, as appears from 
its Rednefs, and from the ifluing out 
of Blood from a Puncture made any 
where in it with the fineft Needle. 
The Mufcles are flocked with Lym- 
phatick Veflels, as well as the other 
Parts of the Body. 

Having premifed this fhort Ac¬ 
count of the Structure of a Mufcle, 
I now proceed to explain its Motion. 



Proposition VIII. 


M Ufcular Motion is performed 
by the Vibrations of a very 
Elafiick JFther , lodged in the Nerves 
and Membranes inveflmg the minute 
Fibres of the Mufcles, excited by Heat , 
the Power of the Will\ Wounds , the 

fubttle 





88 ATreatife of the 

fuhtile and active Particles of Bodies , 
and other Caufes . 

It has been foundby Obfervation, 
that when a Mufcle is contracted, 
its flefliy Fibres are fhortened and 
Hardened, without any fenfible 
Change made in its Tendons ; that 
as Toon as the Contraction is over,> 
or the contracting Force ceafes to 
aCt, the fhortened and hardened 
Fibres are lengthened and Softened 
again; that this alternate Motion 
of Contraction and Dilatation con¬ 
tinues in the Hearts of fome Ani¬ 
mals, efpecially young ones, for a 
considerable Time after they are cut 
out of their Bodies, and laid on a 
Table; that it generally continues 
longer in the Hearts of Fifli, than 
in the Hearts of Land-Animals ,* and 
that after it has ceafed, it may be 
renewed again by Warmth or the 
pricking of a Pin, and will conti- 
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nue to be excited by either dpe- 
dally Warmth, for a little Time, 
till the Heart wholly lofes its Power 
of moving; that as the Heart cools 
by Degrees, lb its Motion abates 
gradually, its Contractions and Di¬ 
latations growing Ids and Ids fre¬ 
quent and ftrong, till at laft they 
wholly ceale ,* and that the Heat of 
the Heart is greater, and its Motion 
more frequent and ftrong, in an 
ardent Fever, and the hot Fit of an 
Ague, than in its natural State. 

Hence it appears, that Heat is 
a remote Caule both of the Fre¬ 
quency and Strength of the Motion 
of the Heart and conlequently, 
one of the remote Caufes of the Mo¬ 
tion of a Mulcle. 

We find by Experience, that we 
can move the Mufcles of our Limbs 
with various Degrees of Force by 
the foie Power of the Will 5 that 
there is not the leaft fenfible Diffe- 
M 


rence 
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rence in point of Time between 
willing the Motions of the Mufcles, 
and. the Motions themfelves j that 
Mufcles contracted by the Tower of 
the Will, dilate again at the very 
Inftant in which the Soul ceafeth to 
exercife that Power,- and that the 
Soul lofeth the Power of moving 
the Mufcles, and perceiving Pain 
from Wounds made in their fleftry 
Parts, when their Nerves are cut 
quite through, tyed (freight, or in- 
tirely obftrucfted any other Way. 

Hence it appears, that the Nerves 
are the Inftruments whereby the 
Wilt gives Motion to the Mufcles: 
And it does this, by producing fome 
kind of Motion in thofe End's of 
the Nerves which terminate in the 
Brain, which Motion is propagated 
from thence thro 5 their folid, pellu¬ 
cid and uniform Capillamenta into 
the Mufcles. For if the Nerves 
were intirely at Reft, and no Mo¬ 
tion 
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tion was propagated through them, 
they could never by the Power of 
the Will, or any other Caufe, pro¬ 
duce Motion in the Mufcles. 

On laying bare the great Mufcle 
of the hinder Leg of a Dog, and the 
great Nerve which accompanies the 
Crural Artery and Vein, I have oh- 
ferved, that when the Tendon was 
wounded, the Dog fhewed very little 
Uneafinefs; but expreffed great Pain 
on wounding the flefhy Part of the 
Mufcle, and much greater Pain, on 
wounding, or in the Inflant of tying 
the Nerve j that a Contraction of 
the Mufcle was produced, on wound¬ 
ing its flefhy Part,and a much ftrong- 
er Contraction on wounding, or in 
the Inflant of tying the Nerve,- and 
that after the Nerve was cut quite 
through, or tyed {freight, great Un- 
eaflnels and Pain with moil violent 
Struggles were produced, as often 
*is a new Wound was inflicted, or a 
' M % .new 
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new Ligature made, above the laft 
Section or Ligature, in that Part 
of the Nerve which communica- 
ted with the Brain $ but that neither 
Pain nor Contraction of the Mufcle 
followed, on wounding or tying 
that Part of it which communis 
cated with the Mufcle and Limb. 
And I have likewife obfcrved on tre¬ 
panning Dogs, and wounding fe^- 
veral Parts of their Brains, that 
convulfive Motions of the Limbs 
have ever been produced, on wound¬ 
ing the Medulla oblongata , but ne¬ 
ver on wounding the Dura Mater , 
or Cortical Part. 

Hence likewife it appears, that 
the Nerves are the principal Inftru- 
ments of Senfction and Motion ,• 
that thefc Effects are ftronger or 
weaker, as more or fewer of the 
nervous Capillamenta are tyed qr 
wounded j that thefc Effects are the 
fame, in whatever Part of a Nerve 
t the 
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the Section or Ligature is made 5 
and that the Soul perceives Pain, 
and exerts its Power of producing 
Mufcular Motion , only at the Ori¬ 
gin of the Nerves in the Brain. 

The exceeding Quicknefs of this 
Motion, palTing from the Brain thro’ 
the Capillamenta of the Nerves to 
the moft diftant Mufcles in an In- 
ftant, and its Ceffation the very Mo¬ 
ment the Caufe which produced it 
ceafes to act, fhew it to be the vi¬ 
brating Motion of a very elaftick 
Fluid, For it is the Nature of the 
vibrating Motion of an elaftick Fluid 
to be very fwift, and to ceafe when 
the Caufe which produced it ceafes 
to a£t. A vibrating Motion excited 
in our Air by the Tremors of Bo¬ 
dies for the Production of Sounds, 
moves at the Rate of 1142 Engltjh 
Feet in a fecond Minute of Time, 
and ceafes when the Tremors of the 
Bodies ceafe. 


Now 
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Now fince this Motion begun in 
the Nerves at their Origin, has been 
proved to be the vibrating Motion 
of a very elaftick Fluid; and fince 
the other Phenomena of Nature 
abfblutely require fuch an elaftick 
Fluid, as is the /Ether defcribed by 
Sir Ifaac Newton • and fince Caufes 
are not to be multiply’d without Ne- 
ceftity: Therefore it muft be grant¬ 
ed, that this Motion begun in the 
Nerves at their Origin, is the vibra¬ 
ting Motion of that Tther ; the 
Properties of which, gathered from 
the Phenomena, are thefe which 
follow. 

‘This TEther is exceedingly more 
rare and Jubtile than Air , and ex¬ 
ceedingly more elaftick and athve. 
It readily pervades all Bodies , and 
hy its elaftick Force is expanded thro* 
all the Heavens , Ij it he 700000. 
times mote elaftick than our Air , it is 
above 700000 times more rare. Its 

elaftick 
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elaflick Force in Proportion to Its Den- 
ffty y is above 490000000000 times 
greater than the elaflick Force of the 
Air is in Proportion to its Denfity . 
It is rarer within Bodies , than m the 
empty Spaces between them; and in 
poffing from Bodies into empty Spa¬ 
ces , it grows denfer and denfer by 
Degrees $ and the lucreafe of its Den¬ 
fity at any Diftance from the Centre 
of Gravity of a Body , is as the Quan¬ 
tity of Matter in . the Body diretlly y 
and the Square of that Dijlance in- 
verfly : And it is rarer within denfe 
Bodies, than within rare Bodies, All 
Bodies endeavour to recede and go 
from the denfer Parts of it y towards 
the rarer • and the Force wherewith 
a Body endeavours to recede , is as the 
Quantity of Matter in the Body , and 
the Increafe of the Denfity of the 
/Ether at the Centre of Gravity of the 
Body y taken together . When it is 
put into a vibrating Motion by the 
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Rays of Light, the Will of Animals, 
or other Caufes; its Vibrations or Pul- 
fes move fwifter than Light, and by 
Confequence, above 700000 times 
fwifter than Sounds . Its Denfity and 
expanfive Force, are both increafed 
in Proportion to the Strength and Vi¬ 
gour of its vibrating Motion ; which 
Motion, like the vibrating Motion of 
the Air for the ProduBion of Sounds, 
grows weaker, as the Square of the 
Difiance from the Place, in which it 
is excited , increafes. And laftly, its 
vibrating Motion is regularly propa¬ 
gated thro 5 Bodies made of uniform 
denfe Matter, but is refleBed, refrac¬ 
ted, interrupted or difordered by any 
Unevennefs in the Bodies. 

Thefe are the principal Proper¬ 
ties, with which this i£ther muft ne- 
ceffarily be endued ; which 1 thought 
fit to mention, before I Ihew the 
Manner in which it caufes the Mo» 
tion of the Mufeles. 


When 
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When by the Power of the Will 
a vibrating Motion is excited in the 
^Ether, in thofe Ends of the Nerves 
which terminate in the Brain ,* that 
Motion is in an Inftant propagated 
thro 5 their folid and uniform Cap’ll ~ 
lamenta to the Membranes of the 
Mufcles, and excites a like Motion 
in the iEther lodged within thole 
Membranes $ and a vibrating Mo¬ 
tion raifed in the dither within the 
Membranes, increafes its expanfive 
Force,* an Increafe of that Force 
Iwells the Membranes * a Swelling 
of the Membranes caufes a Con¬ 
traction of the flefhy Fibres » and 
that Contraction, a Motion in the 
Parts to which the Extremities of 
the Mufcles are faftened. Thus the 
Limbs and other Parts of Animals 
are moved by their Mufcles, each 
of which has its two Ends faftened 
to two Bones, whereof one is al¬ 
ways more moveable than the o~ 
N ther $ 
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ther 5 on which Account, when its 
flefhy Fibres are Shortened by the 
(welling of the Membranes, the 
more moveable Bone is drawn to¬ 
wards that which is more fixed, by 
means of an intervening Joint upon 
which it turns. 

As loon as the Will ceafes to a£t, 
the vibrating Motion of the iEther 
caufed by that ACtion ceafes $ in 
like manner as the Pulfes of the Air 
caufing Sounds ceafe, on a Celfa- 
tion of the Tremors of fonorous 
Bodies, by which they are excited $ 
and a Ceffation of the vibrating 
Motion of the i£ther, caufes a Di¬ 
minution of its expanfive Force ; 
and a Diminution of that Force, 
gives an Opportunity to the dilated 
Membranes to contract, by the at¬ 
tractive Powers of their Parts, and 
thereby to lengthen the flefhy Fibres. 
Another Caule of the lengthening 
of the fiefhy Fibres and Dilatation 
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of a Mufcle, is a vibrating Motion, 
excited in the dEther lodged in the 
flefhy Fibres by their Contraction: 
For that vibrating Motion will in- 
create the expanhve Force of the 
yEther, and that increafed Force will 
lengthen the Fibres, the very In- 
ftant the Caufe which contracted 
them ceafes to aCt. Thefe two 
Forces added together, make the 
whole Force whereby a contracted 
Mufcle is dilated : For the Experi¬ 
ments above-mentioned fully prove, 
that the Soul has no immediate 
Power over the flefhy Fibres. Thus 
the Mufcles of Animals are moved 
by the iEther, when put into a vi¬ 
brating Motion by the Power of the 
Will. 

I have fhewn that Heat, PunCtures 
or Wounds, and Ligatures on the 
Nerves in thelnftant they are made, 
have a Power of contracting the 
Mufcles: And from the Effects of 
N 2 vomiting 
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vomiting and purging Medicines^ 
and fome Poifons, we learn, that 
the fubtile and a&ive Particles of 
fome Bodies have a like Power: But 
fince all thefe I hings, however dif¬ 
ferent they are in themfelves, do 
notwithhanding produce the fame 
Effect which the Will does, they 
mud; do it in the fej^MunBer, that 
is, by exciting^ei^tlfl^'^Motion 
in the ^thei 7 ^ntJ^‘ s ttKe Nerves 
and Membranes 0 "the?Mijfcles. 
And therefoitetl M^rofoj^tlon is 
true. \ 

Cor. i. The Motltnfbf the Muf- 
cles becomes weak, either from too 
weak a vibrating Motion of the 
<dEthef in their Membranes and 
Fibres,- or an Unfitnefs in the 
Membranes and Fibres to be moved 
with Vigour by a due Degree of 
that vibrating Motion. The vi¬ 
brating Motion excited by a given 

Force, 
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Force becomes weak, when the JE - 
ther becomes rare $ and the Aether 
becomes rare, when the Membranes 
and Fibres become denfe, from 
Moifture foaking into their Pores, 
from Compreffion, or other Caufes. 
And the Membranes and Fibres be¬ 
come unfit to be moved with Vi¬ 
gour, when they are rendered ftiff 
by Age, too hard Labour, or other 
Caufes. 

Cor . 2. Mufcles grow larger and 
ftronger by moderate Exercife: For 
the expanfive Force of the Aether 
muft be encreafed, before it can 
move the Mufcles and a frequent 
Increafe of this Force in Mufcles 
much moved, muft of Neceftity in¬ 
creafe both their Magnitudes and 
Strengths. Hence labouring Per- 
fons have larger and ftronger Muf- 
cles, than Perfons who lead a fe- 
dentary and ina&ive Life. 

Cor . 



ioz A Treatlfe of the 


Cor. 3. The Blood moving thro* 
a Mufcle, is prefled forward by the 
Force of its Contraction but after 
a Mufcle is contracted, if it be kept 
• in that State by the conftant ACtion 
of the Force which contracted it, 
lefs Blood will flow through it in a 
given Time than did before: For 
the Blogd-Veflels interwoven in the 
Membranes, are com prefled and 
contracted by the Iwoln Mem¬ 
branes and fhortened and hardened 
Fibres : And this Contraction of 
the Veflels, while it is exerting, 
prefles the Blood forward; but af¬ 
terwards hinders the Blood from 
flowing through the Mufcle in that 
Quantity it did before. Hence Ex- 
ercife performed by the Motion of 
the Mufcles, accelerates the Mo¬ 
tion of the Blood; and Cramps and 
other permanent Convulfions retard 
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Cor. 4. The Magnitude of a Muf- 
cle may be but little altered by its 
Contraction : For if the Contrac¬ 
tion of the flefhy Fibres be nearly 
equal to the Swelling of the Mem¬ 
branes, its Magnitude will conti¬ 
nue much the fame, though its Fi¬ 
gure be changed. 

Cor. j. The Forces of corre- 
Iponding Mufcles in healthful Bo¬ 
dies, are meafiired by their Weights, 
and the Strengths of the vibrating 
Motions of the dEther in them, ta¬ 
ken together. 

Cor . 6 . If a great Increafe of the 
vibrating Motion of the i£ther in 
the Nerves and Membranes of one 
Part of a Body, be attended with a 
Diminution of its vibrating Motion 
in the Nerves and Membranes of 
other Parts $ then it may be in the 

Power 
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Power of Art to quiet a Difturbance 
in one Part, by railing a ftronger 
Difturbance in another : As by 
Blifters, Cauteries, and other power¬ 
fully ftimulating Bodies, applied to 
one Part of a Human Body, we 
often relieve Pain, and quiet con- 
vulfive Motions in other Parts of 
it. 
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Of the Motion of the Blood\ 



Proposition IX 

T HE Blood moves in the Arteries 
and Veins with ct kind of Circu¬ 
lar Motion* 

Harvey has proved this from Ex¬ 
periments and Obfervations: For 
he has fhewn, that the Blood flows 
out of the Trunk of the Vena cava> 
into the right Auricle of the Heart* 
out of that, into the right Ventricle* 
thence, thro’ the Lungs* into the 
left Auricle and Ventricle* out of 
the left Ventricle, into the Aorta $ 
whofe Branches convey it to all 
Parts of the Body, and pour it into 
O the 
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the fmalleft Branches of the Veins - 
out of which it paffes into Branches 
ftill larger, till ^t laft, by the Vena 
cava it is brought back to the 
Heart. And this Motion of the 
Blood from and to the Heart, is 
called its Circulation, or Circular 
Motion . 

The Heart and Arteries ad upon 
the Blood, in generating and keep¬ 
ing up its Motion, in the following 
Manner. When the Auricles are 
filled with Blood by the Veins, the 
right Auricle by the Vena cava , and 
the left by the Pulmonary Vein, 
they both contrad at one and the 
fame Time, and prefs the Blood 
which they contain into the Ven¬ 
tricles j and when the Ventricles 
are filled with Blood, they likewife 
contrad at one and the fame Time, 
and prefs the Blood which they con¬ 
tain into the Arteries • the right 
Ventricle into the Pulmonary Ar¬ 
tery, 
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tery, and the left into the Aorta . 
The Arteries are dilated by the 
Blood, forcibly preffed into them 
by the Ventricles ; and as foon as 
the Ventricles are emptied, and 
their Contraction is over, the di¬ 
lated Arteries contract, and prels 
the Blood forward into the Veins. 
A nd thus the Motion of the Blood 
is generated and kept up, by the 
Forces of the Heart and Arteries. 

The Blood is kept from regurgi¬ 
tating, by the Valves of the Heart 
and Veins. The Valves at the 
Entrance of the Auricles into the 
Ventricles, open when the Auricles 
contract, and permit the Blood to 
flow into the Ventricles j and fhut 
when the Ventricles contract, and 
prevent its Return into the Au¬ 
ricles. The Valves at the Origins 
of the Aorta and Pulmonary Arte¬ 
ry, open when the Ventricles con¬ 
tract, and luffer the Blood to flow 
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into the Arteries,* and {hut when 
the Arteries contract, and hinder it 
from flowing back into the Ventri¬ 
cles. And the Valves of the Veins 
open to let the Blood move forward 
towards the Heart • and {hut to pre¬ 
vent its Return into the Arteries. 

Cor. i. The two Ventricles of the 
Heart throw out equal Quantities of 
Blood in each Syftole : For they al¬ 
ways contract together • and there¬ 
fore if they threw out unequal 
Quantities, more or lels Blood 
would flow into the Lungs, than 
flows out of them, in a given Time: 
Which muft of Neceflity foon put 
an End to Life, 

Cor. 2. As much Blood flows 
thro 5 each Ventricle of the Heart, 
and thro 5 the Lungs in any Time, 
as flows thro 5 all the reft of the Body 
in that Time. 
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Cor. 3 . The Arteries have a Puhe, 
and the Veins no Pulfe: For the 
Arteries have a ftronger mufcular 
Coat than the Veins, on account 
of their fuftaining a greater Pref- 
lure againft their Sides from the 
Blood forced into them by each 
Syftole of the Heart ; and they fuf- 
tain a greater Preffure againft their 
Sides than the Veins, from a greater 
Quantity of Blood lying before 
them, which gives a greater Re- 
ftftance to the Blood forced into 
them by the Heart. Now the Sides 
of both Arteries and Veins being 
foft and dilatable, it is evident, that 
the whole Syftem of Veffels muft 
(well, when Blood is forcibly pref- 
fed into it by the Heart in its Syftole5 
and endeavour to contract again, 
when the Force of the Heart ceales 
to a£t in its Diaftole: But when the 
Arteries and Veins begin to contract 
after every Syftole of the Heart, the 
Arteries, 



no 
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Arteries, by the greater Strength of 
their Mufcular Coat, overpower the 
Veins,* and by preffing the Blood 
into them, hinder them from con¬ 
tracting : Therefore the Arteries 
by dilating and contracting, have 
a Pulfe,* and the Veins for want of 
this alternate Motion, have no 
Pulfe. 


Proposition X. 

* t A HE mean Velocity of the Blood is 
lefs in the Sum of the Branches 
of both Arteries and Veins , than the 
Velocity in their reffective Trunks $ 
and the Vfloaty is lefs in the Veins , 
than in their correfpondmg Arteries . 

For it has been found by measur¬ 
ing the Veflels, that the Branches 
of an Artery or Vein taken all to¬ 
gether. 
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gether, are wider than the Trunk 
out of which they ariie 5 and that 
the Veins are wider than their cor- 
refponding Arteries: And therefore 
the Proposition is true, by the ph 
Corollary of the ph Propofition. 

Cor . 1. Hence it appears, that the 
Velocity of the Blood is continually 
leflened in the Arteries from their 
Trunks to their (mailed: Branches $ 
and increaled continually in the 
Veins from their fmalled Branches 
to their Trunks: And by Confe- 
quence, that the Velocity is lead: in 
the lad: and fmalled Branches of the 
Arteries and Veins. 

Car. i. Since the Velocity of the 
Blood is lead in the fmalled Branch¬ 
es of the Arteries and Veins ; it ne- 
cedarily follows, that the Blood will 
be more liable to be obdru£ted by 
Cold and other Caufes, in its Courle 

thro’ 
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thro 5 thofe Veflels, than thro’ any 
others. 

Proposition XI. 

T HE Velocity of the Blood in one 
and the fame Artery or Vein , is 
the fame both in the Syfiole and Dia- 
fiole of the Heart; when the Arteries 
are dilated, and when they are con- 
traBed. 

For fince the Veins have noPulie, 
the Blood muft neceffarily flow thro’ 
them with the fame Velocity when 
the Arteries are dilated, and when 
they are contracted 5 which it could 
not do, if it moved fafter through 
the Arteries when they are dilated, 
than when they are contracted f in 
the Syftole of the Heart, than in its 
Diaftole : And therefore the Propo¬ 
rtion is true. 
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Cor. i. Hence it appears, that 
while the progreffive Motion of the 
Blood continues the lame; the Force 
which generates this Motion, muft 
by its conftant Action continually 
generate as much Motion as is de- 
ftroyed by the Refiftance of the in¬ 
ternal Surface of the whole Syftem of 
Blood-Veifels,* otherwife it would 
be impoflible, that the Velocities of 
the Blood in the fame Velfels lhould 
be the fame in the Syftole of the 
Heart, and in its Diaftole $ when the 
Arteries are dilated, and when they 
are contracted. 

This will not appear ftrange 
when we confider, that there are 
other Motions in Nature which are 
uniform, notwithftanding the con- 
ftant Action of a given moving 
Force* Of this kind is the Motion 
of a Ship, generated by a Wind 
blowing conftantly and uniformly,* 
which Motion is at firft accelerated, 
P dll 
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till as much Motion is continually 
communicated to the Water and 
Air by the Ship moving along; as 
is generated in it by the conftant 
and uniform Action of the Wind: 
And after that, it continues uniform, 
notwithftanding the conftant Adi- 
on of the Wind. Of this kind allb, 
is the Motion of a Body defcending 
in Water $ which Motion is accele¬ 
rated, till the Motion communica¬ 
ted to the Water by the defcending 
Body, becomes equal to the Motion 
generated in the Body by the con¬ 
ftant and uniform A&ion of its 
Weight in Water; and after that, 
the Motion continues uniform, not¬ 
withftanding the conftant A&ion of 
this Weight. 



Pro- 
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Proposition XII. 


T HE Velocities of the Blood in 
the correfponding Blood-Vejfels 
of healthful Bodies fituated alike with 
refpeB to the Horizon , are In the 
fubdupllcate Ratios of the Diameters 
of thofe Vejfels , that is, V . v :; 
VD. v'd. 

For from Anatomy and the Si¬ 
milarity of the correfponding Parts 
of human Bodies we learn, that 
their Syftems of Blood-Veffels have 
the fame Number of correfponding 
Veffels $ and that correfponding 
Veffels have like Situations and Ca¬ 
pacities, in Bodies fituated alike with 
refpe£t to the Horizon, that is, any 
two correfponding Veffels are fitu¬ 
ated alike with refpett to the reft of 
P z the 
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the Veffels, and their Capacities 
are as the Capacities of the whole 
Syftems. 

The Forces of the Hearts of hu¬ 
man Bodies are as their Weights, 
and as the Strengths of the vibra¬ 
ting Motions of the dither in their 
Nerves and Membranes, taken to^ 
gether, by Cor. y. Prop. 8. But 
the Strengths of the vibrating Mot, 
tions of the dither, fetting afide 
the Power of the Soul and other di- 
fturbing Caules, are as the Heats of 
the Hearts j and the Heats of the 
Hearts, as the Heats of the Blood* 
and the Heats of the Blood are 
much the fame in all healthful Bo¬ 
dies, as I have found by the Ther¬ 
mometer : And therefore, fetting 
afide the Power of the Soul and 
other difturbing Caufes, the Forces 
of the Hearts are as their Weights. 
The Weights of the Hearts of a 
ftrong Man and a Child newly born, 

were 
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were as 1 6 and 1 $ the Diameters 
of their Aortas as 2 and 1 ; and the 
Lengths of their Bodies as 4 and 1: 
Now fince the Lengths of corre- 
fponding Blood-Veflels are as the 
Lengths of the Bodies, and the 
Diameters of correfponding Veffels 
as the Diameters of the Aortas in 
Bodies fituated alike with refpedt to 
the Horizon $ it is evident from this 
Inftance, that the Weights of the 
Hearts are as the Capacities of cor¬ 
refponding Velfels, or as the Capa¬ 
cities of the whole Syftems, in Bo¬ 
dies fituated alike with refpedt to 
the Horizon : And therefore the 
Forces of the Hearts, when they 
are not difturbed by the Power of 
the Soul or other Caufes, are as the 
Capacities of correfponding Blood- 
Veffels, or as the Capacities of the 
whole Syftems in Bodies fo fituated $ 
and the Forces generating the Mo¬ 
tions in correfponding Veffels, are 
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as the Capacities of thofe Veffels, 
and by Conference, as the whole 
Forces of their Hearts. Moreover 
if it be confidered, that the Syftem 
of Blood-Veffels {wells or contrails 
as the Force of the Heart is increafed 
or leffened by the Power of the Soul, 
Heat or Cold, or other Caufes ,• and 
on the contrary, that the Force of 
the Heart is increafed or leffened, as 
the Syftem {wells or contracts by 
Heat or Cold $ no Doubt can be 
made, but that the Forces of the 
Hearts are ever proportional to the 
Capacities of their refpe&ive Syf* 
terns of Blood- Veffels ; and that 
the Forces generating the Idotions 
in correfponding Veffels, are as the 
whole Forces of their Hearts in Bo¬ 
dies fttuated alike with reipeft to the 
Horizon. 

And thefe Things being true, the 
Proportion is true, by the Firfi Co~ 
rollarj of the Fourth Proportion. 

Cor . 
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. Cor. i. Hence it appears, that 
the Velocity of the Blood increafes 
continually from the Birth, till Bo¬ 
dies are arrived at their full Lengths ; 
and afterwards, it increafes or leflens 
in the fame Bodies, as their Syftems 
of Blood-Veffels fwell or contra< 5 t, 
either from an Increafe or Diminu¬ 
tion of the Quantity, or a Diminu¬ 
tion or Increafe of the Denfity of 
the Blood. 

Cor. 2. When healthful Bodies 
are fituated alike with refpe<ft to the 
Horizon, and their Hearts are free 
from the Influences of difturbing 
Caufes , the Velocities of the Blood 
in corrdponding Blood-Veflels, are 
in Ratios compounded of the fub- 
quadruplicate Ratios of the Quan¬ 
tities of Blood contained in their 
whole Syftems of Blood-Veflels di¬ 
rectly, and of the fiibquadruplicate 
Ratios of the Lengths of the Bo¬ 
dies inverfly. For the Heat of the 

Blood 
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Blood is the fame in Bodies under 3 
thefeCircumftances, as I have found 
by the Thermometer* and conle- 
quently its Denfity is given* but 
the Denfity of the Blood being gi¬ 
ven, the Capacities of correlpond* 
ing Blood-Veffels will be as the 
Quantities of Blood contained in 
them, or as the Quantities contain* 
ed in the whole Syftems ,* therefore* 
putting Q^ and q for the Quantities 
contained in two whole Syftems, D 
and d for the Diameters of any two 
correfponding Blood-Veffels in 
thole Syftems, and L and 1 for the 
Lengths of the Bodies, D*L will be 
to d a l as Q^to q, the Lengths of 
correfponding Blood-Veffels in dif¬ 
ferent Bodies being as the Lengths 
of the Bodies themfelves ; So then 

v'D is to vd as to / —: But by 

this Propofitton , V . v : : v'D. vd: 
And therefore in Bodies under the 

Cir- 
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Circumftances mentioned in this 
_ „ 

Corollary , V«1 1 : —,. -p. 

tor . 3. If two healthful Bodies of 
equal Lengths, or one and the fame 
Body at two different Times, be fi- 
tuated alike with refpedt to the Ho¬ 
rizon, and their Hearts be free from 
the Influences of difturbing Caufes ; 
the Velocities of the Blood in any 
two correfponding Blood-Veffels of 
the two Bodies, or in any one and 
the fame Blood-Veffel of the fame 
Body at two different Times, will 
be in the fubquadruplicate Ratios of 
the whole Quantities of Blood con¬ 
tained in the two Bodies, or in the 
fame Body at thofe different Times, 
by the laft Corollary: If L =1 - } then 

will V. v:: Qh q\ 

That the Velocities of the Blood 
as they are expreffed in this CoroW 
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lar<y y may be found out more eafily, 
I have added the following Table: 
Which in the two Columns under 
Q, contains different Quantities of 
Blood $ and in the two Columns un¬ 
der V, different Velocities expreffed 
in the biquadrate Roots of thofe 
Quantities. For Inftance, if the 
Quantities of Blood in two diffe¬ 
rent Bodies of equal Lengths, or 
in one and the fame Body at two 
different Times, be as 20 and 18 $ 
the Velocities in the correfponding 
Blood-Veffels of the two Bodies, or 
in the fame Blood-Veffel of the 
fame Body at different Times, will 
be as the Numbers 21 147 and 
20598, if the Bodies be under the 
Circumflances fuppofed in this Co¬ 
rollary, 


a 
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a 

Y 

a 

V 

1 

IOOOO 

26 

22781 

2 

11892 

27 

22797 

3 

13161 

28 

23003 

4 

14142 

29 

23206 

5 

1495-3 

30 

23403 

6 

15^0 

3i 

23796 

7 

16266 

32- 

23784 

8 

16818 

33 

23968 

9 

17320 

34 

2 '4 i 47 

10 

17783 

37 

2-432-3 

11 

18211 

36 

24497 

IX 

18612 

37 

24663 

13 

18988 

38 

24828 

14 

19343 

39 

24990 

1? 

19680 

40 

27149 

16 

20000 

4 1 

2-5-304 

17 

20305" 

42 

2-7457 

18 

20798 

43 

27607 

19 

20878 

44 

2-7777 

2,0 

21147 

45- 

27900 

21 

21407 

46 

26043 

22 

21677 

47 

26183 

2-3 

21899 

48 

26321 

24 

22134 

49 

26477 

2-7 

22361 

70 

26791 


a* 


Cor. 
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Cor. 4. If the Diameters of cor- 
refponding Blood-Veftels be in the 
fubduplicate Ratios of the Lengths 
of the Bodies > the Velocities in 
thofe Veftels will be in the fubqua- 
druplicate, and the Capacities of 
the whole Syftems in the duplicate 
Ratios of the Lengths of the Bo^ 
dies. If D . d : : VL. yd y then will 

V . v:: L* and D 4 L. d 4 1 :: L 4 . 1 \ 

From the Inftance mentioned in 
the Proof of this Proportion it is 
evident, that thefe Proportions of 
the Diameters of correfponding 
Blood-Veftels, and of the Capacities 
of the whole Syftems, obtain infome 
Bodies when fituated alike with 
refped: to the Horizon y and it i$ 
as certain, that they do not obtain 
in all Bodies fo fituated ,* becaufe of 
Bodies of the fame Length, fome, 
from a different Ufe of the Non- 
naturals or other Caufes, have larger 

Blood- 
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Blood-Veffels than others : Now 
if thele Proportions be obferved in 
the moft perfect and bed propor¬ 
tioned Bodies, they will likewile 
obtain in all Bodies of different 
Lengths, taking thole of each 
Length one with another, when 
they are lituated alike with refped: 
to the Horizon, that is, the mean 
Diameters of correlponding Blood- 
Velfels of Bodies of different 
Lengths lb lituated, each Mean 
being taken from a confiderable 
Number of Diameters of corre¬ 
lponding Blood-Veffels of Bodies 
of the lame Length, will be in the 
lubduplicate •> and the mean Capa¬ 
cities of the whole Syltems in the 
duplicate Ratios of the Lengths 
of the Bodies : Otherwife there 
could be no Regularity, no Unifor¬ 
mity prelerved in the Species. 


This 
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S3 


. JLa 

! 

> 

*ES CO 

'w* 

7 2 

2913 

5184 

66 

2850 


6o 

1783 

3600 

5 4 

2711 

2916 

4 s 

2632 

2304 

42 

2J 4 ^ 

1764 

3 ^ 

2449 

1296 

3 ° 

2 3 4 ° 

900 

2 4 

2214 

576 

18 

2060 

3 2 4 


This Table contains in the firft 
Column, the Lengths of Bodies in 
Inchesin the fecond, the true or 
mean Velocities of the Blood in the 
correJfponding Blood-Veflels of Bo¬ 
dies fituated alike with refpedt to the 
Horizon $ and in the third, the 
true or mean Capacities of the 
whole Syflettis of Blood-Veffels of 
Bodies of thofeLengths. Forln- 

fiance. 
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ftance, the true or mean Velocities 
of the Blood in the correlponding 
Blood-VelTels of Bodies alike fitu- 
ated, whofe Lengths are 72 and 3 6 y 
are as the Numbers 2913 and 2449 * 
and the true or mean Capacities 
of their whole Syftems of Blood- 
Veflels, as the Numbers 4 and 1. 

Cor. 5. If the Diameters of cor- 
refponding Blood-VelTels of Bodies 
fituated alike with refpecft to the 
Horizon, be as the n Power of the 
Lengths of the Bodies ; the Velo- 
cities in thole Veftels will be as the 
J Power j and the Capacities of the 
whole Syftems, and Quantities of 
Blood if the Forces of the Hearts 
are not difturbed, as the Power 
of the Lengths of the Bodies, that 

is, V. v :: IS. F, and D“ L. d a 1 :: 
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For Example, If the Diameters 
of correfponding Veffels be in the 
(ubtriplicate Ratios of the Lengths 
of the Bodies, and the Lengths of 
the Bodies be 72 and 18 ; the Ve¬ 
locities will be as the Numbers 6 3 
and 50 ; and the Capacities of the 
Syftems and Quantities of Blood, as 
the Numbers 10 and 1. 


Proposition XIII. 

■ P HE Velocities of the Blood in 
the correfponding Blood-Veffels 
of healthful Bodies Jituated alike with 
refpeft to the Horizon , are in Ratios 
compounded of the fimple Ratios of 
the Magnitudes of the Ghiantitics of 
Blood thrown out of their Hearts in 
one Syftole direbll<y y and of the dupli¬ 
cate Ratios of the Diameters of thofe 
Veffels and of the fimple Ratios of the 

Times 
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Time's of one Syftole inverjly. If K, 
fe denote the Magnitudes of the Quan¬ 
tities of Blood thrown out of the Hearts 
of two Bodies in one Syftole , and X, 
t the Times of one Syftole ; I fay > that 


A 

dV 


For the Velocities of the Blood 
it! any two correfponding Blood- 
Veflels, are diredtly as the Spaces 
delcribed by the Blood in the Times 
of one Syftole* and inverfly as thole 
Times : But the Spaces delcribed by 
the Blood in the Times of orieSyf- 
tole, are as the Magnitudes of the 
Quantities of Blood which flow in¬ 
to thofe Veflels in the Times of one 
Syftole apply’d to the Orifices or 
Squares of the Diameters of the 
Veflels; and the Magnitudes of 
thole Quantities are as the Magni¬ 
tudes of the Quantities thrown out 
of their Hearts in one Syftole, if the 
Bodies be fituated alike with relped: 

R to 
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to the Horizon : And therefore, the 
Velocities in the correfponding 
Blood-Veflels of Bodies fo fituated, 
are in Ratios compounded of the 
fimple Ratios of the Magnitudes of 
the Quantities of Blood thrown out 
of their Hearts in one Syftole direct¬ 
ly, and of the duplicate Ratios of the 
Diameters of the Veflels and of the 
fimple Ratios of the Times of one 
Syftole inverfly : Which was to be 
proved. 

Cor. 1. If the Magnitudes of the 
Quantities of Blood thrown out of 
the Hearts of two Bodies in one Syfi- 
tole, be as the Capacities of any two 
correfponding Blood* Veflels the 
Velocities in thofe Veflels will be 
as the Lengths of the Bodies direCt- 
ly, and as the Times of one Syftole 
of their Hearts inverfly. If K. k :: 

D 1 L. d s l$ then will V. v :: 

This 
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This Corollary obtains in Bodies 
which are fituated alike with refpeft 
to the Horizon, and whofe Hearts 
are not influenced by difturbing 
Caufes: For the Hearts of Bodies 
under thefe Circumftances, will 
throw out in each Syftole Quanti¬ 
fies of Blood whofe Magnitudes are 
equal to the Capacities of their 
Ventricles - y but the Capacities of 
the Ventricles are as the Magni¬ 
tudes of the Hearts ; and the Mag¬ 
nitudes of the Hearts are as their 
Weights ; (for I have found their 
Denfities to be lo nearly equal, that 
their Differences may be negle&ed) 
and the Weights of the Hearts are as 
their Forces; and their Forces as the 
Capacities of correfponding Blood- 
V effels by the Proof of the 12 th Pro - 
fofition', and therefore K.k:: D‘L.d‘ 1 . 

Cor . 2. The true Times of one 
Syftole of the Hearts of regular and 
R 2 well- 
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well-proportioned Bodies of diffe¬ 
rent Lengths, and the mean Times 
of one Syftole of the Hearts of all 
Bodies of different Lengths, each 
Mean being taken from a confider- 
able Number pf Bodies of the fame 
Length, are, when the Bodies are 
fituated alike with refpedt to the Ho¬ 
rizon, and their Hearts are free from 
the Influences of all difturbing Cau- 
fes, as the biquadrate Roots of the 
Cubes of the Lengths of the Bodies, 

that is, T. t:: L*. L For in thefe 

Cafes, V. v :: L*. 1 T by the 4 th Co¬ 
rollary of the 12 th Propofition, and 

V. v :: — y by the preceding Corol¬ 
lary of this Propofition^ and there¬ 
fore L\ - • whence T,t:: 

3 * ■ ■ ' X • t > A *. i i » 

V: n. 


Pro- 
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Proposition XIV. 

T HE Velocities of the Blood in the 
corresponding Blood-Veffels of 
Joealthful Bodies fituated alike with re- 
fpeB to the Horizon , are in Ratios 
compounded\ of the fimple Ratios of 
the Magnitudes of the Quantities of 
Blood throzm out of their Hearts in 
one Syft ole , and of the fimple Ratios of 
the Numbers of their Pulfes in a given 
Time y direBly; and of the dupli¬ 
cate Ratios of the Diameters of thofe 
Vejfels inverfly . If P, p denote the 
Numbers of Pulfes in a given Time 
of two healthful Bodies fituated alike 
with refpeB to the Horizon j then will 

w..lL pk i 

* * * * * 
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Proof by Experiments. 

T Took the Pulfes in a Minute, 
A and meafiired the Lengths, of a 
great Number of Bodies ,• I took the 
Pulfes when the Bodies were fitting, 
that they all might be fituated alike 
with refpedt to the Horizon - y and in 
the Morning before Breakfaft, that 
their Hearts might be as free as pof* 
fible from the Influences of all difi* 
turbing Caufes : And when I had 
got a very large Stock of Obferva- 
tions, I took the Means of the Pul¬ 
fes, each Mean from a confidera- 
ble Number of Bodies of the fame 
Length ,• and found thofe Means to 
be nearly as the biquadrate Roots 
of the Cubes of the Lengths of the 
Bodies inverfly, that is, nearly as 
the mean Times of a Syftole of their 
Hearts inverny, by Cor . 2. Prop. 13. 
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And fince the mean Numbers of 
Pulfes in a Minute of all Bodies, are 
the true Numbers of Pulfes in a Mi¬ 
nute of Angle Bodies of the fame 
Lengths which are regular and well- 
proportioned ; the Numbers of Pul¬ 
fes in a Minute of regular and well- 
proportioned Bodies taken fingly, 
will likewife be as the biquadrate 
Roots of the Cubes of their Lengths, 
that is, as the Times of a Syftole of 
their Hearts inverfly, by the afore- 
faid Corollary . Now fince in thefe 
Inftances, the Numbers of Pulfes in 
a Minute are inverfly as the Times 
of one Syftole, and fince there is no 
apparent Reafon why this Propor¬ 
tion fhould not be univerfal j I fhall 
therefore conclude, that it is fo: 

And that in all Bodies, P. p:: ~ ; 

But by the laft Proportion , V. v :: 

fpj. jjr c : And therefore, V. v :; 
KP k P 
D** ~d 2 * 


To 
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.8 

sl 

ii 

ii 

4 

t<SH 
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<So 

0.-S 


72 - 

< 5 * 



68 

67 

68 


6o 

7 * 

74 

*4 

55 

77 

79 

12 

J 1 

82 

84 

9 

4 6 

9 ° 

9 l 

6 

4 1 

97 

97 

3 

35 

IX 3 

112 

2 

3 1 

120 

119 

I 

28 

126 

132 

X 

• -X 

2 5 

* 3 ? 

144 

o 

18 

150 

184 


To (hew the near Agreement of 
thePulfes from Obfervation with the 
Pulfes by the Theory> I have added 
this Table 5 which contains in the 
firft Column, the mean Ages of 
growing Bodies when they arrive 
at the Lengths in Inches ftanding 

over 
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over againfi: them in the fecond 
Column; in the third Column, the 
mean Numbers of Pulfes in a Mi¬ 
nute in the Morning before Break* 
fall when the Bodies were fitting; 
and in the fourth Column, the Num¬ 
bers of Pulfes in a Minute fiippofing 
them to be inverfly as the biqua¬ 
drate Roots of the Cubes of the 
Lengths of the Bodies, and mak¬ 
ing 6 5 the firfi: Number in the third 
Column found from Obfervation, 
the firfi: Number in this. In mak¬ 
ing this Table, I negleded Fradtions 
which were not near an Unit, and 
put an Unit inftead of thofe which 
Were. 

It may be obferved, that the 
Number of Pulfes from Obfervation 
of a Child newly born, falls confi- 
derably fhort of the Number of 
Pulfes by the Theory. The Pulfe 
of a Child newly born can fcarcely 
be perceived. I have often try’d to 
S fed 
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feel it and count its Numbers in a 
given Time, but never fucceeded; 
Once I reckon’d 150 Beats or more 
in a Minute in a Child feven or eight 
Days old. And therefore, though 
I have made 1 50 the mean Number, 
yet I cannot fay, that it is the true 
mean Number ; but fuppofing it to 
be fo, its falling fo much lhortof the 
Theory, may in fome meafure be ac¬ 
counted for from the Nature of that 
Caufe which difpofes Infants to fleep 
almofl perpetually; which Caufe, by 
weakening the vibrating Motion of 
the iEther in the Nerves and Mem¬ 
branes of the Heart, muft neceffa- 
rily make the Pulfe flower than it 
otherwife would be. 

Cor . 1. The Velocities of the 
Blood in the correfponding Blood- 
VefTels of Bodies, which are fitua- 
ted alike with refped: to the Hori¬ 
zon, and whofe Hearts are free from 

the 
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the Influences of all difturbing Cau- 
fes, are in Ratios compounded of 
the Ratios of the Lengths of the 
Bodies and of the Numbers of their 
Pulfes in a given Time : For in this 
Cafe, the Magnitudes of the Quan¬ 
tities of Blood thrown out of the 
Ventricles of their Hearts in one 
Syftole, are as the Capacities of cor- 
refponding Blood-Veffels, that is, 
K. k :: D 4 L. d 4 1 5 and therefore, V. 
v;;LP.lp. 

Cor. 2. The Velocities of the 
Blood in the correfponding Blood- 
Veifels of healthful Bodies of equal 
Lengths, when they are htuated 
alike with refpe6t to the Horizon, 
and their Hearts are free from the 
Influences of all difturbing Caufes, 
will be as the Numbers of their 
Pulfes in a given Time, by the laft 
Corollary; by which, when L = 1 , 
V. v :: P. p. The fame Proportion 
S 2 will 
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will obtain in one and the fame Bo¬ 
dy at two different Times, if the 
Body at thofe Times be fituated 
alike with refpeft the Horizon, and 
its Heart be free from the Influences 
of all difturbing Caufes: For the 
fame Syftem having different Mag¬ 
nitudes at different Times, may be 
confidered as two Syftems of equal 
Lengths. 

Cor . 3. The Quantities of Blood, 
which in a given Time flow thra* 
the correfponding Blood-Veffels of 
healthful Bodies fituated alike with 
refpe<ft to the Horizon, when their. 
Hearts are free from the Influences 
of all difturbing Caufes, are in Ra¬ 
tios compounded of the Ratios of 
the Quantities of Blood contained 
in their whole Syftems of Biood- 
Veffels, and of the Numbers of 
their Pulfes in a given Time. For 
the Quantities of Blood which flow 
thro 5 correfponding Veffels in a gir 
* ven 
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yen Time, are as the Squares of the 
Diameters of the Veflels, and the 
V elocities of the Blood flowing thro* 
them, taken together, that is, as D 6 
V and d a v, or as KP and kp, becaufe 

V.v::jp\ by this Proportion 1 

But K. k:: Q: q, the Denfity of the 
Blood being given: And therefore, 
the Quantities of Blood which flow 
thro 9 correfponding Blood-Veflels 
in a given l ime, will be as QJP and 
HP* 

The Quantities of Blood of a tall 
ftrong Man and of a Child newly 
born, are as the Numbers 16 and 
15 and the Numbers of the Man’s 
Pulfes in a Minute in the Morning, 
when he is fitting, is 6 5 by the 
foregoing Table; and if the Num¬ 
ber. of the Child's Pulfes in a Minute 
be 1 jo, as it is there put down ,* the 
Quantities pf Blood flowing thro’ 
the Lungs of the Man and of the 

Child 
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Child in a given Time, will be as 
the Numbers 104 and 1 5. Accord¬ 
ing to Tabor, each Ventricle of the 
Heart of the Man can contain 1 5 00 
Grains of Blood; andconfequentiy, 
when the Heart is not influenced 
by difturbing Caufes, will throw out 
5850000 Grains in an Hour : And 
each Ventricle of the Heart of the 
Child will throw out 843750 Grains 
in the fame Time. Therefore, about 
835 and no Avevdupo'is Pounds pf 
Blood will pals through the Lungs 
of the Man and of the Child in an 
Hour. 

If the Quantities of Blood of 
ftrong well-proportioned Bodies be 
r a Part of their Weights, (as they are 
according to Gliffon and Tabor) and 
if the Weights of a tall ftrong well- 
proportioned Man and a ftrong 
well - proportioned Child newly 
born, be 168 and io~ Averdupois 
Pounds; the whole Quantities of 

their 
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their Blood will be 14 Pounds and 
Zef a Pound : And confequently, as 
much Blood as is contained in the 
Body, will flow 59^ times thro 5 the 
Lungs of the Man, and 137 times 
thro’ the Lungs of the Child, in an 
Hour. 

Cor. 4. If Bodies be fituated alike 
with refpe< 5 t to the Horizon, and 
their Hearts be free from the In¬ 
fluences of all difturbing Caufes ; 
the Quantities of Blood which flow 
through their Lungs or other cor- 
refponding Parts in a given Time 
in Proportion to the whole Quan¬ 
tities of Blood contained in their 
Bodies, will be as the Numbers of 
their Pulfes in a given Time: For 
the Quantities of Blood which flow 
through correfponding Blood-Vef- 
fels in a given Time, are as QJP 
and q p, by the laft: Corollary * but 

and ~ P , are as P and p. 


Pro- 
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Proposition XV. 


I F Bodies he fituated alike with 
refpeB to the Horizon; the Dia¬ 
meters of corresponding Blood-Veffels 
will he proportional to the fifth Roots 
of the Squares of the ProduBs made 
by the Magnitudes of the Quantities 
of Blood thrown out of their Hearts 
in one Syfiole, and the Numbers of 
their Pulfes in a given Time, that is, 

t 2 

D.d ::K P*. k p*: The Velocities in cor¬ 
responding Veffels will he as the fifth 
Roots of the faid ProduBs, that is, V. 

v :; KP 7 . k p y : And the Forces of their 
Hearts as the fifth Roots of the fourth 
Powers of them, and as the Lengths 
of the Bodies taken together, that is, 

F. f kp 7 xL, k 
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For the Forces of the Hearts of 
Bodies fituated alike with tefpeft to 
fche Horizon, are as the Capacities 
of correfponding Blood-Velfels, by 
the Proof of the 12 th Propofmon> 
and the Lengths of correlponding 
Blood-Velfels are as the Lengths of 
the Bodies, wherefore F. f D* L. d 1 1 : 
And the fame Forces by Cor . 4 .Prop. 
4. are in Ratios compounded of the 
duplicate Ratios of the Velocities, 
and of the fimple Ratios of the Dia¬ 
meters of thole Velfels and of the 
Lengths of the Bodies, that is, F. 
f r: V 2 D L. v a d 1 : But by the 14^ 

Propofiiion , V 2 . v\ ~ $ and 


therefore, F. f :: : 

J d a 3 

And comparing this Proportion of 
the Forces with the firft, we fhall 

have D- L. d* 1 :: , 

D’ d ’ 

whence D. d :: KP''. kp T . 

T Ex- 
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Extrading the Square Root of 
the lad Analogy, VD. v'd::KP*. 

lTp 7 : ButV. v:: Vl>. vd, by the 
i zth Proportion : And therefore V. 

v :: KP 7 . kp 7 . 

And fquaring the fame Analogy, 
D\ d 2 : : KP 7 . kp 7 : But F. f:: D 2 L. 
d 2 1 : And therefore, F. f :: KP 7 xL. 

_4' 

kp 7 *b 

Cor . 1. If two Bodies of equal 
Lengths, or one and the lame Body 
at two different Times, be fituated 
alike with refped to the Horizon; 
the Forces of the Hearts of the two 
Bodies, or of the Heart of the fame 
Body at thofe Times, will be pro¬ 
portional to the fifth Roots of the 
Fourth Powers of the Produds made 
by the Magnitudes of the Quanti¬ 
ties of Blood thrown out in one 
Syftole, and the Numbers of Pulfes 
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in a given Time. If L=1 5 then will 
F, f:: KP*. kj7. 

6 V. z. If two Bodies of equal 
Lengths, or one and the fame Body 
at two different Times, be fituated 
alike with jrefpedt to the Horizon,* 
and if the Hearts of the two Bodies, 
or the Heart of the fame Body at 
thofe Times, throw out in one Sy- 
ftole Quantities of Blood whofe 
Magnitudes are equal, that is, if 
L=l, and K=k: Then, D. d :: 

P r . p 7 , and V. v :: P 7 . p 7 , and F. f 
:: P 7 . p 7 . 

Examples. 

Exam . 1 . If from fome Caufe the 
Pulfe of the fame Body becomes 
twice as quick, as it is in the Morn¬ 
ing when the Body is fitting, and 
its Heart is free from the Influences 
T z of 
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of all difturbing Caufes j and if it 
becomes greater than under thofe 
Circumftances, from the Heart’s 
throwing out its uliial Magnitude 
of Blood in half the Time ; that 
is, if P. p :: 2. 1 j and K == k: 
Then, by the fecond Corollary of 
this Proportion , D and tl will be as 
the Numbers 13195 and 10000, V 
and v as the Numbers 11487 and 
10000, and F and f as the Numbers 
1741 l and 10000, This feems to 
be the Cafe of a grown Body heat- 
ed by an ardent Fever , or violent 
Exercife , in which the Pulfe is great¬ 
er than it is ordinarily, and beats 
about twice as faft as it does in the 
Morning, when tlie Body is fitting 
and its Heart is free from the Influ¬ 
ences of all difturbing Caufes ; and 
therefore, in a Body fo heated, the 
Diameters of the Blood-Veflels will 
be increafed in the Proportion of 
T jrpj to 10000, the Velocity pi 
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the Blood in the Proportion of 
11487 to 10000, and the Force of 
tjie Heart in the* Proportion of 
17411 to IOOOO. 

Exam . 2. If the Pulle of the fame 
Body be quicker at one Time than 
at another, in the Proportion of 80 
to 70 ,* and if it be greater from the 
peart’s throwing out its ulual Mag¬ 
nitude of Blood in a left Time, that 
is, if P. p :: 80.70,* and K = k: 
Then, by the lecond Corollary of 
phis Proportion , D and d will be as 
phe Numbers 10549 and 10000, V 
and v as the Numbers 10270 and 
10000, andF and f as theNum- 
bers 11127 and 10090. ThePulfe 
is quicker and greater in the Af¬ 
ternoon , than it is in the Morning; 
and from many Obfervations, tak¬ 
ing one Hour with another of thole 
two Times, it is quicker in grown 
Bodies one with another, in the Pro¬ 
portion of about 80 to 70: And 

there- 



Morning. 1 gj I Afternoon. 
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'o 


a Minute of 


therefore, the Dia¬ 
meters of the Blood- 
Veffels of: the lame 
Body will be greater 
in theAfternoon than 
in the Morning, ta¬ 
king one Hour with 
another, in the Pro¬ 
portion of 10J49 to 
ioooo; the Veloci- 
ties in the Veffels will 
be greater in the Pro¬ 
portion of 10270 to 
ioooo ^andtheForce 
of the Heart greater 
in the Proportion of 
11127 to ioooo. 

I have added this 
Table, tofliewtheTe- 
nour of the Pulfe at 
different Hours of the 
Day , it contains the 
Numbers of Pulfes in 
two healthful Men A 
and 



Animal OEconomy. ijx 

and B, when fitting, at the feveral 
Hours from eight a Clock in the 
Morning to eleven at Night. Thejfe 
Numbers, are Means drawn from a 
large Number of Obfervations ; 
thole of A, from the Obfervations 
of twelve Weeks 5 and thofeof B, 
from the Obfervations of three 
Weeks. A eat his Breakfaft between 
nine and ten, B his before nine; 
they both dined together at two, at 
which Meal B eat more plentifully 
than A; and they eat little or no 
Supper. 

From this Table it appears, that 
the Pulfe is flower in the Morning, 
than at any other Time of the Day 
that it grows fomething quicker be¬ 
fore Breakfaft, and a little more fo 
after it; that it grows flower again 
before Dinner, and quicker imme¬ 
diately after Dinner; and that the 
Quicknefs acquired by this Meal, 
continues for about three or four 

Hours, 
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Hours, and then abates a little ; and 
continues in that State, without 
any confiderable Change, in Bodies 
which eat and drink little at Night, 
till they go to Reft. 

Exam , 3. If from fome Catife the 1 
Pulfe of the fame Body becomes 
quicker than in the Morning, when 
the Body is fitting and its Heart is 
free from the Influences of all di- 
fturbing Gaufes, in the Proportion 
of i to i ; and if it becomes fmallef* 
from the Heart's throwing out in 
each Syftole but a fourth Part of the 
Blood which it throws out in the 
Morning under the Circumftances 
now mentioned, that is, if P. p:: 
2. 15 andK. k:: 1.4: Then, by 
this Propofition and its firft Corolla¬ 
ry, D and d will be as the Numbers 
7J78 and 10000, V and v as the 
Numbers 8705 and 10000, and F 
and f as the Numbers 5743 and 
10000. If this be nearly the Cafe 
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of a grown Body in a malignant 
Fever , the Cold Fit of an Ague y 
Corivulfions , and fbme other Dif* 
eafes ; then, when the Body is fit* 
ting, the Diameters of correfpond* 
ing Blood-Veffels will be leffened in 
the Proportion of 7578 to ioodo, 
the Velocities inthoff Veflels will be 
leffened in the Proportion of 870 y 
to 10600, and the Force of the 
Heart will be leffened in the Pro* 
portion of 5743 to 10000. 

Now fince in the Caffs mention¬ 
ed in this Example y in which the 
Force of the Heart is leffened, the 
Skin is much paler and colder than 
in a natural and healthful State $ and 
is extremely pale and cold in dead 
Bodies , in which the Force of the 
Heart is wholly deftroyed : And on 
the contrary, fince in the Caffs 
mentioned in the firfi Example y in 
which the Force of the Heart is in- 
ereaffd, the Skin is much redder 
U and 
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and warmer than jji a natural and 
healthful State: We may from the 
Colour and Warmth of the Skin, 
moft certainly judge of the Force 
of the Heart j and at the lame time 
lee, how as that Force gradually lef- 
lens, the Compals of the Blood’s 
Motion gradually contracts - y till at 
laft, that Force wholly ceafing to 
a£t, the Motion wholly ceafes, even 
in the largeft Veffels neareft to the 
Heart. 


Proposition XVI. 

T F the Catamenia flow through Fo- 
■ ramina in the Sides of the Blood- 
Vflels of the Uterus into its Cavity, 
if there be the fame Number of cor - 
refponding Foramina in the Sides of 
corre/ponding Blood - Fejfels in all 
healthful Bodies , if this Difcharge 
continues 
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continues a given Number of Days , 
and during the 'Time of its Continu- 
ance Bodies be fituated alike with re- 
fpeB to the Horizon 5 the Quantities 
of one Difcharge of grown Bodies will 
be in Ratios compounded of the du¬ 
plicate and fubduplicate Ratios of the 
Diameters of correfponding Blood- 
Veffels , that is y putting C, c for the 
Quantities of one Difcharge of two 
grown Bodies y C. c :: D 4 -/D. d 4 vd. 

For the whole Quantities of 
Blood difcharged by two healthful 
Bodies in a given Number of Days, 
will be as the Quantities difcharged 
by any two correfponding Forami¬ 
na in that Time; and the Quanti¬ 
ties difcharged by two correfpond¬ 
ing Foramina y will be as the Squares 
of their Diameters, and as the Ve¬ 
locities wherewith the Blood flows 
thro 3 them, taken together: But 
the Diameters of two correfpond- 
U 2 ing 
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ing Foramina are as the Diameters 
of two correfponding Blood-Vef- 
fels; and the Velocities wherewith 
the Blood flows thro 5 the Foramlna y 
are as the Velocities wherewith it 
flows through thole Veffels : And 
therefore, the Quantities difcharged 
by two correfponding Foramina , 
will be as the Squares of the Dia^- 
meters of two correfponding Blood- 
Veffels, and as the Blood's Veloci¬ 
ties in thofe Veffels taken together, 
that is, as D 4 V and d 4 v- or as D 1 
VD and d 5 Vd y becaufe V. v :: v'D. 
Vd, by Prop. 11. But the whole 
Quantities of one Difcharge of two 
healthful Bodies fituated alike with 
refpeft to the Horizon, are as the 
Quantities difcharged by two cor¬ 
refponding Foramina : And there¬ 
fore C. c ;: D 2 VD. d s /d* 

Cor. i. If this Propofition be 
true, it is evident that this Difcharge, 

whiqh 
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which ufoally begins in thefe Coun¬ 
tries between the Ages of 14 and 
id, will continually increafe from 
its firft Appearance till the Bodies 
arrive at their full Growth; for both 
the Foramina grow larger, and the 
Velocity of the Blood increafes, 
while Bodies are growing : And it 
will likewife increale, from fome of 
the Foramina being naturally fmaller 
than others, on which Account they 
will neceffarily, not all at once, but 
fuccelhvely, become large enough 
to let the Blood pafs through them. 

Cor . 2. If this Fropofition be 
true, this Difcharge will begin 
foonefl and be greateft in Bodies 
which have the largefl: Blood-VeP- 
fels : For it will begin when the fo~ 
ram'ma are grown large enough to 
let the red Parts of the Blood (which 
are its largeft Parts) pafs thro* them; 
but they will be fooneft large enough 
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to do this, in Bodies which have 
the largeft Blood-Yeflels: And the 
Quantities of a Difcharge will be 
greateft, becaufe the Foramina are 
largeft, and the Velocity of the 
Blood is greateft, in liich Bodies. 

Cor , 3. The Quantities of this 
Difeharge in grown well-propor¬ 
tioned Bodies of different Lengths, 
and its mean Quantities in all grown 
Bodies of different Lengths taking 
thole of each Length one with 
another, will, if this Propofition be 
true, be in Ratios compounded of 
the fimple and the lubquadruplicate 
Ratios of the Lengths of the Bo¬ 
dies ; the Diameters of correlpond- 
ing Blood-Veffels in thefe Cafes, 
being in the fubduplicate Ratios of 
thole Lengths, by Cor . 4. Prop . 12. 

Cor. 4. Hence it appears, that 
this Difcharge will be increafed by 

all 
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all Things which Iwell the Blood- 
Veffeisj and on the contrary, lef- 
fened by all Things which contra# 
them: And therefore, it will be in- 
crealed by whatever increafes the 
Power of the Heart, and heats the 
Blood j and leffened by whatever 
leffens the Power of the Heart, and 
cools the Blood $ for the Blood- 
Veffels (well or contra#, as the 
Force of the Heart is increaled or 
leffened by Heat or Cold, or other 
Caufes. 

Cor. j. Hence it appears, that a 
Difcharge muft continue till the 
Blood-Veffels an & Foramina are lb 
far contra#ed by the Lois of Blood, 
that the Foramina are become too 
fmali to let the red Parts of the 
Blood pals thro’ them $ and then it 
will ceafe for that Time, and not re¬ 
turn again till the loft Blood be re¬ 
gained, and the Blood-Veffels and 
Foramina 
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Foramina be enlarged to the Di- 
menfions they were of at the coming 
on of the preceding Difcharge - } and 
then another Difcharge will begin, 
continue the fame Time, and go off 
as that did. Thus this Difcharge 
happens once a Month, in which 
Time the loft Blood is regained $ 
continues in thefe Countries till 
about the Age of jo •> and then 
wholly ceafes, from the Foramina 
becoming too fmall to let the Blood 
pafs thro 5 them. The Foramina 
become too fmall to let the Blood 
pafs thro 5 them, from a Rigidity in 
the Blood-Veffels, which hinders 
them from being dilated by the 
Blood as ufually: For it appears 
both from Anatomy and common 
Experience, that the Blood-Vef¬ 
fels and other fblid Parts become 
more rigid, as Bodies advance in 
Years. 


Pro- 
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Proposition XVII. 

IT F Q_ denotes the Quantity of Blood 
contained in a healthful Body be¬ 
fore a Difcharge of the Catamenia 
begins , and P and p the Numbers of 
Pulfes in a Minute a little before and 
after the Difcharge , when the Body is 
fittings and its Heart is fee from 
the Influences of all difturbing Caufes ; 
C, the Quantity of the Difcharge , 

will be Qj< 

For the Heart being fuppofed to 
be free from the Influences of all 
difturbing Caufes before the Dis¬ 
charge and after it, the Heat and 
Denfity of the Blood will be the 
fame before and after $ and there- 
X fore, 
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fore, if q denotes the Quantity of 
Blood contained in the Body af¬ 
ter the Difcharge is over, V. v: : 

Q\ q 4 , by Cor . 3. Prop . 12; and 
V. v :: P. p, by Cor . 2. Prop. 145 
and from thefe two Analogies, 

■Q\ q 4 :: P. p; and Q^-q. : 

P 4 — p 4 . p 4 : But Qj— q=C$ and 
confequently, C. Qj: P 4 — p 4 . P 4 ; and 
d*F~p~ 

F ‘ 

For Example , If the Quantity of 
Blood contained in the Body at the 
Beginning of the Difcharge be 11 
Averdupo'ts Pounds, and the Pulfes 
in a Minute before and after the 
Difcharge, when the Body is fitting 
and its Heart is perfedtly free from 
the Influences of all difturbing Cau- 
fes, be 74 and 73 ■ the Quantity of 
the Difcharge will be above 9 Oun¬ 
ces : If the Quantity of Blood be 
11 Pounds, and the Pulfes in a Mi¬ 
nute 



Animal OEconomt. i 6 $ 

nute before and after be 74 and 72; 
the Quantity of the Difcharge will 
be above 18 Ounces. 

I have found from Obfervation, 
that the Pulfe is quicker before the 
Difcharge than after it. The Pulfe 
of a well-proportioned Body 6 4 
Inches high, in which this Dif¬ 
charge was very fmall, was obferved 
at every Hour of the Day for 8 
Months together ; and the Pulfe of 
another Body fix Inches fhorter, in 
which this Difcharge was very great, 
was obferved at every Hour of the 
Day for a Month; and the mean 
Numbers of Pulfes in a Minute, 
taken from all the Obfervations 
made on the two Bodies in the 
Week before and Week after the 
Difcharge, were 74 and 72 in the 
taller Body, and 79- and 75 in the 
fhorter. The Differences of thefe 
Numbers before and after the Dif¬ 
charge, are too great for the Quan- 
X x tity 
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tity of the Difcharge in thefe Cli¬ 
mates ; which I believe does not or¬ 
dinarily exceed u Ounces in tall 
and well-proportioned Bodies. And 
if from more Obfervations of the 
Pulfe of perfectly healthful Bodies, 
which have this Difcharge in due 
Quantities, it {hall be found, that 
the Differences of its Numbers be¬ 
fore and after the Difcharge make it 
greater than it really is in thefe Cli¬ 
mates y then the Quantity of a Dif¬ 
charge cannot be determined by 
this Propofitioriy which fuppofes the 
Heart before and after the Difcharge 
to be free from the Influences of all 
difturbing Caufes: But it may be 
determined by the next Proportion , 
Nvhen from Experiments and Obfer¬ 
vations all the Terms uled in it (hall 
be known. 
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Proposition XVIII. 

T FQ denotes the Quantity of Blood 
1 contained in the Body at the Be¬ 
ginning of a Difcharge of the Catame¬ 
nia, P and p the Numbers of Pulfes 
in a Minute when the Body is fitting, 
K andk the Magnitudes of the Quan¬ 
tities of Blood thrown out of the Heart 
in one Syftole , and A and s the Denfi- 
ties of the Blood\ juft before the Dif¬ 
charge begins and after it is over $ C, 
the Quantity of the Difcharge , will be 

Qx KP y xA~kp r x 5 . 

kTFxa 


For the Capacities of one and 
the fame Blood-Veffe][ before and 
after the Difcharge, are as the 
Squares of its Diameters ; which 
Squares 
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Squares, when the Body is fitting, are 

4 4 

as KP 7 and kp T by the i ^thPropo- 
fiiton : And the Quantities of Blood 
contained in one and the fame 
Blood-Veflel at thofe Times are as 
- the Squares of its Diameters and as 
the Denfities of the Blood taken to¬ 
gether : But the Quantities of 
Blood contained in the whole Body, 
are as the Quantities contained in 
one and the fame Blood-Veflel 
when the Body is fitting: And 
therefore, the Quantities of Blood 
contained in the whole Body be¬ 
fore and after the Difcharge, are 

_ 4 _ 4 

as K P j xa and kp*xs, that is, Q. q:: 
KP y x a. kp 7 xs- whenceQ^-q^C =■ 

Qx K~P 7 x A—k~p 7 x a . 

KP 7 x A 

Cor. i. If the Degrees of Heat in 
the Blood, and conlequently its 
Deniities, 
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Denfities, before and after the Dif* 
charge, be equal ,* and if the Mag¬ 
nitudes of the Quantities thrown 
out in one Syftole before and after be 
likewife equal, that is, if a=», arM 

K == k 5 then will C= Q x P^ — . 

PT 

For Exampley If the Quantity of 
Blood contained in the Body when 
the Difcharge begins be 11 Pounds, 
and the Numbers of Pulfes in a Mi¬ 
nute before and after the Difcharge 
when the Body is fitting be 74 and 
70; the Quantity of the Difcharge 
will be above 7^ Ounces $ and near 
9 Ounces, if the Quantity of Blood 
in the Body when the Difcharge be¬ 
gins be 12 Pounds. The Degrees 
of Heat in the Blood before and af¬ 
ter the Difcharge, may be known 
by a Thermometer truly adjufted: 
And by the Fulnefs of the Pulfe we 
may judge of the Magnitudes of 

the 
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the Quantities of Blood thrown 
out in one Syftole: And therefore, 
from Experiments and Obfervations 
carefully made by Perlbns who have 
an Opportunity of doing it, the 
Quantity of a Difcharge may be 
nearly known by this Proportion ,. 


Proposition Problem 1 I< 

T HE Blood-Heffels of a particu¬ 
lar Part of the Body being ob* 
ftrucled or opened\ Contra&ed or di¬ 
lated; to determine the Changes made 
in the Velocities of the Blood, and in 
the Magnitudes of the Blood- Vejfels, of 
all the other Parts » 

Cafe I. If the Arterial Trunk of 
a Part be obftru&ed or contracted* 
fo as either wholly or in fome De¬ 
gree to hinder the Blood from flow¬ 
ing 
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ing thro* that Part,* the Velocity 
will be increafed in all the other 
Parts, and its Increale will be great¬ 
er or lels, caterisparibus, as the Ar¬ 
terial Trunks of thole Parts are 
nearer to or farther from the Trunk 
which is obftruCted or contracted, 
by Cor. Prop . 7. 

The Blood-Veffels of the Part, 
whole Artery is obftruCted or con¬ 
tracted, will contract and grow lels, 
from a DeftruCtion or Diminution 
of the Force of the Blood's Motion, 
which before the ObftruCtion or 
Contraction of the Trunk kept 
thofe Veffels diftended: And tne 
Blood-Veffels of all the other Parts 
will fwell or grow larger, by the 
Force of the augmented Motion of 
the Blood in thole Partsand their 
Swelling or Enlargement will be 
greater or lels, cateris paribus , as 
they are nearer to or farther from 
the obftruCted or contracted Trunk. 

Y Like 
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Like Changes will be made in the 
Velocities of the Blood and in the 
Magnitudes of the Blood-Veffels of 
all the other Parts, if, inftead of the 
Arterial Trunk of a Part, any of the 
Branches of that Part (whether Ar¬ 
teries or Veins) be obftruCted or 
contracted; becaufe jfuch Obftruc- 
tion or Contraction will leflen the 
Velocity in the Arterial Trunk, by 
Cor . 2. Prop . 5 ; and by Confe- 
quence, will produce like Changes 
in the Velocities and Magnitudes of 
the Veflels of the other Parts, as 
would be produced by a real Com* 
traCtion of that Trunk, 

Cafe II. If the Arterial Trunk of 
a Part be opened or dilated, the 
Blood will flow fafter into that 
Trunk and flower through all the 
other Parts of the Body than it did 
before; and the Diminution of Ve¬ 
locity in the other Parts will be 
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greater or left, aeteris paribus , as 
they are nearer to or farther from 
the Trunk which is opened or di¬ 
lated, by Cor . Prop. 7* 

If the Trunk be opened, and the 
greateft part of the Blood, which 
flows into it, flow out of the Ori¬ 
fice 5 the Veflels of that Part will 
contrad: and grow left, from the 
Blood running out of them, and 
their not receiving their uftial Sup¬ 
ply to keep them diftended. And 
the Veflels of all the other Parts will 
likewife be contra&ed, from a Dimi¬ 
nution of the Velocity of the Blood 
in them ; and their Contra&ion will 
be greater or lels, cceteris paribus > 
as they are nearer to or farther 
from the Trunk which is opened; 
and they will undergo like Changes 
of Magnitude, when the Arterial 
Trunk is only dilated $ tho’ the Veft 
fels of the Part lupply’d by the di¬ 
lated Trunk will all fweli and grow 
V i larger* 
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larger, contrary to what happened 
to them when the Trank was open¬ 
ed. Like Changes will be made in 
the Velocities of the Blood, and in 
the Magnitudes of the Veflels of 
other Parts, when inftead of the Ar¬ 
terial Trank, one or more of the 
Branches (whether Veins or Arte¬ 
ries) of a Part are opened or di¬ 
lated. For a Dilatation or Opening 
of any of the Branches will increafe 
the Velocity in the Arterial Trank, 
by Cor . i. Prop . $ $ and by Confe- 
quence, will produce like Changes 
in the Velocities of the Blood, and 
the Magnitudes of the Veffels of the 
other Parts as would be produced by 
a real Dilatation or Opening of the 
Arterial Trunk. 

Cafe III. If the Venal Trunk of a 
Part be obftruCted or contracted, 
the Blood will thereby be either to¬ 
tally or in fome Degree hindered 

from 
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from flowing out of the Part; on 
which Account, more Blood will 
flow in for fome little Time than 
flows out ; and by Conference the 
Velfels will fwell till they can be no 
farther diftended. After that, if 
lefs Blood flows into the Arterial 
Trunk of the Part than did before, 
like Changes of Velocity and Mag¬ 
nitude will be produced in the 
Blood-Veffels of all the other Parts, 
as were produced in them by the 
Obftrudtion or Contraction of. the 
Arterial Trunk by the Jirfi Cafe, 

Cafe IV. If the Venal Trunk of a 
Part be opened or dilated, the Blood 
will flow fafter thro* the Part than 
it did before > becaufe the Aperture 
or Dilatation either takes off or let* 
fens the Refiftance arifing from the 
Blood which lies before it: The 
Velocity therefore will be increafed 
in the Arterial Trunk, and leifened 
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in the Veffels of all the other Parts $ 
and its Diminution in thofe Veffels, 
and the Contraction of their Mag¬ 
nitudes confequent thereon, will be 
greater or lels, cater is paribus , as 
the Veffels are nearer to or farther 
from the Part whofe Vein is opened 
or dilated, by the fecond Cafe . The 
Veffels of the Part, whofe Venal 
Trunk is opened, will contract, not- 
withftanding the Velocity ot the 
Blood in them is increafed: For by 
the Aperture, the Refiftance given 
by the Blood lying beyond it to the 
Motion of the Blood through the 
Part, will be taken off,* and by 
Confequence, the Velocity of the 
Blood flowing through the Part 
will be increaled: But this Increafe 
of Velocity beginning in the Vein 
at the Place of Aperture, and 
thence fucceflively running through 
the Venal and Arterial Branches, 
and at laflt ending in the Arterial 
* Trunk* 
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Trunk, it is evident, that more 
Blood will in a given Time flow out 
of each of thefe Veflels, that flows 
in • and by Confequence, all thefe 
Veflels will be contracted; and the 
Contraction will firft begin, where 
the Increafe of Velocity firft began, 
and fucceflively go through the 
Veflels in the fame Manner as that 
did. 

Cor . 1. Hence it appears, that if 
a Part be overloaded with Blood, it 
will be feoneft emptied by opening 
the Veflels of the Part it felf; and 
next, by opening the Veflels of the 
Parts which are neareft to it. 

Cor. 2. If the Blood flows too faft 
into feme one Part, from an Aper¬ 
ture or Dilatation of feme of its 
Blood-Veflels j the preternatural 
Influx of Blood into that Part will 
be leflened by increafing the Mo¬ 
tion 
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tion of the Blood thro 1 the other 
Parts. 

Cor . 3. If the Blood flows too 
flow into fome one Part, from an 
ObftruCtion or Contraction of fome 
of its Blood-Veflels ; the Motion 
through this Part will be increafed 
by contracting the Veflels and lef- 
fening the Motion thro 5 the other 
Parts. 

N. B. There may perhaps be 
fome little Difturbances given to 
thefe Laws of Apertures and Ob- 
ftruCtions, Dilatations and Con¬ 
tractions of the Blood-Veflels, from 
feveral Inofculations of Arteries with 
Arteries, and Veins with Veins •> but 
as thefe Difturbances cannot be ac¬ 
curately determined, fo neither can 
they be confiderable ; as appears 
from theSuccefe of Practice ground¬ 
ed on thefe LaWs. 


Pro- 
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Proposition XX. Problem III. 

T O determine the Changes made 
in the Velocities of the Blood 
and Magnitudes of the Blood-Veffels 
in different Parts of the Body * when 
it is fituated differently with refpeB 
to the Horizoni 

The correlpohding Arteries and 
Veins are every where contiguous* 
and the Veins are larger than their 
correfponding Arteries, and con- 
fequently* contain a greater Quan¬ 
tity of Blood: On which Accounts* 
when the Force of Gravity in a Vein 
eonfpires with or oppofes the Mo¬ 
tion of the Blood through it* that 
Motion will be more increaled or 
lelfened by the Force of Gravity in 
the Vein > than it is lelfened or in- 
Z creafed 
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creafed by the fame Force in the 
correfponding Artery 5 and more 
or lefs Blood will by virtue of this 
Force flow through the Vein, than 
will flow through the Artery in the 
fame Time ; and therefore, if the 
Vein and Artery be the two Trunks 
of a Part,* more or lefs Blood will 
flow out of the Part than flows in, 
and, in Confequence thereof, the 
Blood-Veffels of the Part will be 
contracted or dilated. For Inftance, 
in the Day when the Body is ere6t. 
Gravity confpires with the Motion 
of the Blood from the Head, and 
oppofes its Motion from the Legs ; 
and in the Night, when the Body 
is horizontal. Gravity neither con¬ 
fpires with or oppofes the Motion 
from thefe Parts: And hence the 
Head will contain lefs, and the Legs 
more Blood, in the Day than in the 
Night. 


Pro- 
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Proposition XXI. Problem IV, 


T O determine the Influence and 
Power of the Soul over the 
Motion of the Heart. 

That the Soul has a very great 
Power over the Heart, appears from 
the following Inftances. A dying 
Man, who had had little or no Puife, 
and had been in cold clammy 
Sweats for feveral Hours, was by 
an Accident exceedingly alarmed, 
and thrown into the greateft Di- 
fturbance of Mind ,* upon which his 
Heart and Blood gradually reco¬ 
vered their Motions to a confide- 
rable Degree, and kept them above 
an Hour, till his Mind grew calm 
and eafy $ and then they loft them 
again, and he died in left than half 
Z z an 
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an Hour. A ftrong Bxtenfion of 
the Legs and Arms by the Power of 
the Will, has quickened me Pulfe 
2p Beats in a Minute, and at the 
lame Time made it fo low, that it 
could fcarcely be felt. The Pulfes 
in a Minute of a Man lying, fitting, 
{landing, walking at the Rate of 
two Miles in an Hour, at the Rate 
pf four Miles in an Hour, and run¬ 
ning as fail as he could, were 64, 
68,78,100,140, and 1 jo or more. 
When a Bpdy {lands up, the Pulfe 
begins to. grow quicker the very 
Inftant the Body begins to rife, or 
the Soul begins to exercife the 
Power which raifes it; and when a 
Body moves, it grows Hill quicker ; 
and the Soul exercifes more Force 
to move the Body, in Proportion 
to the Quicknefs of the Motion: 
When a Body firft Hands up and 
begins to move, the Pulfe is {mailer 
than it was before: but grows 

greater 



Animal OEconomy. iBi 

greater by Degrees, as the Body 
grows warm by the Motion. A Fit 
of Laughter has quickened the 
Pulfe 25 Beats in a Minute: And 
breathing voluntarily three or fpnr 
Times fafter than uliially, has 
quickened it 13 or 14 Beats : The 
Pulfe is quickened by coughing, 
(wallowing, reading loud, or by 
any Motion that is performed by 
the Power of the Soul. From hence 
it appears, that the Motion of the 
Heart is changed mediately or im¬ 
mediately, by every Change made 
in the AflFe&ions, A&ivity or Power 
of the Souk 
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Of Refpiration • 


Proposition XXII, 

I F <2/2 heated Body he placed in a 
Wind blowing uniformly 5 the 
7 hme of its cooling will he greater or 
lefs y as the Quantity of Matter in the 
Body , or its Degree of Heat at the 
Time of its being firfi placed in the 
Windy or the Degree of Heat in the 
Windy is greater or lefs^ or as the 
Surface of the Body is lefs or greater , 

For if the Degree of Heat in the 
Body at the Time of its being firft 
placed in the Wind, and the De¬ 
gree of Heat in the Wind, be both 
given i the Time of its cooling will 
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be as the Quantity of Heat in the 
Body in Proportion to the Meafure 
according to which it is cooled: 
But the Degree of Heat in the Body 
being given, its Quantity of Heat 
will be as its Quantity of Matter j 
and the Surface of the Body is the 
Meafure according to which it is 
cooled: And therefore, the Time 
of cooling will be as the Quantity 
of Matter in the Body in Proportion 
to its Surface $ and by Confequence, 
will be greater or lefs, as the Quan¬ 
tity of Matter is greater or lefs, or 
as the Surface is lefs or greater : If 
the Body, and Degree of Heat in the 
Wind, be both given $ the Time 
of its cooling will be greater or lefs, 
as the Degree of Heat in the Body, 
when firft placed in the Wind, is 
greater or lefs. From Sir Ijfaac 
Newton's Scale of the Decrees of 
Heat, it appears, that the Time 
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proportional to its Heat when firlt 
placed in the Wind: For if one and 
the fame Body has different Degrees 
of Heat, the Times of its cooling 
will be in Arithmetick Proportion, 
when the Degrees of Heat are in 
Geometrick Progreftion ; whence 
the Time of cooling in Proportion 
to the Heat, will for the moft part 
be greater when the Heat is lels $ 
and therefore, the Time of cool¬ 
ing will not be proportional to the 
Degree of Heat in the Body when 
firft placed in the Wind $ and yet 
it will ever be greater when the Heat 
is greater, and lels when it is Ids t 
If the Body, and its Degree of 
Heat when firft placed in the Wind, 
be both given $ the Time of cooling 
will be greater or lels, as the Wind 
is warmer or colder, that is, as the 
Degree of Heat in the Wind is lels 
or greater: And therefore, the Pro-* 
pofiiton is true. 
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Cor . i. If a Body of a given Fi¬ 
gure be heated to a given Degree, 
and then placed in a Wind blowing 
uniformly, ^nd the Degree of Heat 
in the Wind be given j the Time of 
its cooling, will be as a given Side 
and Denfity of the Body taken 
together, as is evident from the 
Proof of this Propofition . If the 
Body be a Cube, the Time of its 
cooling will be as the Side and Den¬ 
sity of the Cube; and if a Globe, 
as the Diameter and Denfity of the 
Globe j taken together. 

Cor. 2. If a homogeneal Body of 
a given Figure be heated to a given 
Degree, and then placed in a Wind 
blowing uniformly whofe Heat is 

f iven; the Time of its pooling will 
e as a given Side of the Body. If 
the Body be a Cube, the Time of 
its cooling will be as the Side of the 
Cube $ and if a Globe, as its Dia¬ 
meter. 

A a 


Pro- 
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Proposition XXIII. 


I F an heated Body he placed in a 
Wind blowing uniformly; the 
Heat which it lofes in a very fhort 
given Time, when firfl placed in the 
Wind will he as the Heat and Surface 
of the Body taken together direBly y 
and as the Heat of the Air inverfly. 
If S denotes the Surface of the Body , 
H its Degree of Heat when placed in 
the Wind , A the Degree of Heat in 
the Wind , and h the Heat that is 
communicated to the Air and lofi in the 
Body In a very fhort given Time 5 
SH 

then h will he as —jg. 

For the Air heated by the Body 
will be conftantly carried off by the 
Wind, and other Air will fucceed 

into 
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into its Place with an uniform Mo¬ 
tion ; by which Means, equal Part* 
of Air will be heated by the heated 
Body in equal Times, and conceive 
a Heat proportional to the Heat of 
the Body - } and confequently, one 
and the fame heated Body, placed 
in a Wind blowing uniformly whole 
Degree of Heat is given, will when 
firft placed in the Wind communi¬ 
cate to the Air, and confequently 
lofe, in a Ihort given Time, a Heat 
which is proportional to the Heat of 
the Body: If the Body be different, 
but its Degree of Heat, and the 
Degree of Heat in the Wind, be 
both given ; the Body will commu¬ 
nicate to the Air, and confequently 
lofe, in a very fhort given Time, a 
Heat which is proportional to the 
Surface of the Body : And if both 
the Body and its Degree of Heat be 
given; it will communicate to the 
Air, and confequendy lofe, in a 
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very Ihort given Time, a Heat 
which is proportional to the Cold- 
nefs of the Wind ; which Coldnefs- 
is inverfly as its Degree of Heat: 
And therefore, the Heat commu* 
nicated to the Air, aijd loft by a 
Body heated and placed in a Wind 
blowing uniformly, will be as the 
Heat and Surface of the Body taken 
together diredtly • and as the Heat 
of the Wind inverfly, that is, h will. 


Cor. i. If the Heat of the Wind 
be given; the Heat which is com¬ 
municated to the Air, and loft in 
the Body, in a given Time, will be 
as the Surface of the Body, and as 
its Degree of Heat when firft ex- 
pofed to the Wind, taken together. 
If A be given, h will be as SH. 

Cor. 2. If the Degree of Heat in 
the Body, when firft expofed to the 

Wind,, 
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Wind, Be given; the Heat com¬ 
municated to the Air, and loft in the 
Body, in a given Time, will be as 
the Surface of the Body directly, 
and as the Degree of Heat in the 
Wind inverfly. If H be given, h 

will be as 

Cor . 3. If the Surface of the Body 
be given; the Heat which is com¬ 
municated vto the Air, and loft in 
the Body, in a given Time, will be 
as the Heat of the Body, when firft 
expofed to the Wind, directly; and 
as the Heat of the Wind inverfly. 

H J 

If S be given, h will be as ^. 

Cor. 4. If the Degree of Heat in 
one and the fame Body, or in diffe¬ 
rent Bodies of which the Surfaces 
are equal, be given, when firft ex- 
pofed to the Wind; the Heat which 
the Body or Bodies will communi¬ 
cate 
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cate to the Air, and confequently 
lofe, in a very fhort given Time, 
will be inverfly as the Heat, or di¬ 
rectly as the Coldnefs of the Wind. 

If S and H be given, h will be as j. 

Proposition XXIV. 

T HE Life of Animals Is preferved 
by acid Parts of the Air , mix¬ 
ing with the Blood In the Lungs : 
Which Parts dlffolve or attenuate the 
Blood , andpreferve Its Heat $ and by 
both thefe 7 keep up the Motion of the 
Heart . 

I {hall prove the Truth of this 
Propofitlon, from a Series of Experi¬ 
ments and Obfervations. 

Flrft then, Animals die, when 
they are deprived of Air by Hop¬ 
ping 



Animal OEconomy. i^i 

ping the Wind-pipe, or putting 
them in an Air Pump and drawing 
out the Air. And they likewife die 
foon in a Email Quantity of Air fo 
clofely confined, as to have no Com¬ 
munication with the reft of the At- 
mofphere: Small Birds cannot live 
above three or four Hours in a 
Quart of fuch Air* and a Gallon 
of Air included in a Bladder, and 
by a Pipe alternately infpired and 
expired by the Lungs of a Man, 
will become unfit to preferve Life 
in little more than one Minute of 
Time. 

Hence it appears, that Air is ne- 
ceflary to preferve the Life of Ani¬ 
mals : And likewife, that a conftant 
Supply of frefti Air is neceffary to 
that End. 

Secondly, A Candle goes out, 
glowing Coals and red-hot Iron 
ceafe to fhine, and Animals die, in 

the 
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the Air-Pump on drawing out the 
Air. A Candle goes out, glowing 
Coals and red-hot Iron ceafe to 
Ihine, and Animals die, in a fmall 
Quantity of Air fo clofely confined, 
as to have no Communication with 
the reft of the Atmofphere. Ani¬ 
mals die in Air rendered effete by 
burning Coals or Candles in it till 
they are extinguifhed, and glowing 
Coals or Gandies are extinguifhed 
in Air rendered effete by Animals 
breathing in it till they die. Hook 
found, that if Air rendered effete 
be blown on live Coals, it produces 
no other Effed:, than to blow off 
the Afhes and put out the Fire $ and 
that the more you blow, the more 
dead is the Light, and the fooner 
is the Fire quite extind:; infbmuch 
that in a very little Time, the Coals 
become perfeddy black without 
emitting the leaft Glimpfe of Light 
or Shining: At which Time, if one 
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Blaft of frefh Air be blown upon 
thofe feemingly dead, extinct, and 
black Coals, they all begin to glow* 
burn, and fhine afrefh, as if they had 
not been at all extinct 5 and the more 
frefh Air is blown upon them, the 
more they fhine* and the fooner 
are they burnt out and confirmed: 
And A nimals put into fuch effete Air 
foon die, tho’ for fome Time they 
breath* and move their Lungs as 
before. The Medium found in 
Damps, is prefent Death to thofe 
who breath it; and in an Inftant, 
extinguifhes the brighteft Flame, 
the Shining of glowing Coals, or 
red-hot Iron, when put into it. 
Common Air, by paffing thro 5 red- 
hot Brafs, red-hot Iron, red-hot 
Charcoal, or the Flame of Spirit of 
Wine, becomes unfit to preferve 
Life, and the Shining of Fire and 
Flame. 

B b 


Hence 
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Hence it appears, that frefh Air 
preferves Life in Animals by the 
very fame Power, or by the Opera¬ 
tion of the very fame Parts, where¬ 
by it preierves Fire and Flame in ful- 
phureous and un£hious Subftances, 
when once they are kindled. 

Thirdly, If two Parts of com¬ 
pound Spirit of Nitre be poured on 
one Part of Oil of Cloves or Ca¬ 
raway Seeds, or of any ponderous 
Oil of Vegetable or Animal Sub¬ 
ftances, or Oil of Turpentine thick¬ 
ened with a little Balfam of Sulphur; 
the Liquors grow fo very hot in 
mixing, as prelently to fend up a 
burning Flame: If a Drachm of the 
fame compound Spirit be poured 
upon half a Drachm of Oil of Ca¬ 
raway Seeds, even in vacuo , the Mix¬ 
ture immediately makes a Flafh like 
Gunpowder: And well-re£t:ified Spi¬ 
rit of Wine poured on the fame 
compound 
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compound Spirit flafhes. Common 
Sulphur and Nitre powdered, mix¬ 
ed together, and kindled, will con¬ 
tinue to burn under Water, or m 
vacuo , as well as in the open Air. 

Now fince Air is neceliary to pre- 
ferve common Fire and Flame in 
lulphureous and un&uous Subftan- 
ces, when once they are kindled ; 
and it appears by theie Experiments, 
that Fire and Flame may both be 
produced and preferved in lulphu- 
reous and un&uous Subftances, by 
acid Particles even without Air • it 
follows, that Air preferves Fire and 
Flame by means of acid Particles: 
And fince it preferves the Life of 
Animals, by the Operation of the 
very fame Particles whereby it pre¬ 
ferves Fire and Flame 5 it likewife 
follows, that it preferves the Life 
of Animals by its acid Particles. 


B b 1 


Fourth - 
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Fourthly , The Venal Blood is of 
a deep purple Colour, and the Ar¬ 
terial Blood of a bright red, in all 
Parts of the Body except the Lungs $ 
and in them the Blood is of a dark 
purple Colour in the Pulmonary Ar¬ 
tery, and of a bright red in the 
Pulmonary Vein. Hence it follows, 
that the Blood changes its deep 
purple Colour into a bright red, in 
the communicant Branches of the 
Pulmonary Artery and Vein which 
are fpread on the Veficles ; and that 
it changes its bright red into a deep 
purple Colour, in the communicant 
Branches of the Arteries and Veins 
of other Parts. If Blood be drawn 
out of a Vein, its Surface, which is 
contiguous to the Air, will acquire 
the fame bright red Colour which 
the Blood acquires in the Lungs y 
and if this red Surface be cut off 
with a fharp Knife, the blackifh 
Surface 
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Surface of the remaining Blood, 
being now touched and a&ed upon 
by the Air in the fame Manner as 
the firft, will acquire the fame Co¬ 
lour as that did; and the fame 
Change of Colour will be made in 
the Bottom of the Cake, if it be 
turned upwards in the Cup, and ex- 
pofed to the Air$ and if Blood juft 
drawn be ftirred and agitated, till 
the Air be intimately mixed with 
it throughout, its whole Subftance 
will loon acquire the bright red Co¬ 
lour of Arterial Blood. If the Wind¬ 
pipe be flopped with a Cork, and 
lome Time after the Operation 
(when the Air which is (hut up in 
the Lungs is made effete, that is, 
deprived of its acid Parts) Blood 
be drawn from the Cervical Artery, 
it will have the fame dark purple 
Colour as Venal Blood. 

Now fince from thefe Experi¬ 
ments, the Air muft touch Venal 

Blood 
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Blood drawn out of the Body to 
change its deep purple Colour into 
a bright red, and the acid Parts of 
the Air caufe the fame Change of 
Colour in the Blood in the Lungs • 
it will follow, that there muft be a 
like Contact of thefe acid Parts with 
the Blood in the Lungs. And lince 
I have fhewn, that Air preferves the 
Life of Animals by its acid Parts ; 
it will likewife follow, that the Life 
cf Animals is preferved by acid Parts 
of the Air mixing with the Blood 
in the Lungs. 

Fifthly, The bright red Colour 
acquired by the Blood in the Lungs, 
from its Purity and Intenlenels, is 
the Red of the fecond Order of Co¬ 
lours in the Table of Sir lfaac New¬ 
ton's Opticks , p. zo6: But the black- 
ifh or deep purple Colour of Venal 
Blood turns into this bright Red, 
without palling through the Co¬ 
lours 
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lours of Blue, Green, Yellow, and 
Orange; and therefore, muft arife 
from the Indigo and Purple of the 
third Order, and not from the In¬ 
digo and Violet of the fecond: And 
confequently by that Table, the 
tinging Corpufcles of the Blood are 
leflened in the Lungs. 

Hence it appears, that the acid 
Parts of the Air diflolve or attenuate 
the Blood in the Lungs. 

Oil of Vitriol and Water poured 
fucceflively into the fame Veffel, 
grow very hot in the mixing. Aqua 
forth , or Spirit of Vitriol, poured 
upon Filings of Iron, diffolves the 
Filings with a great Heat and Ebul¬ 
lition. And the Acid of the Air 
conftantly apply’d to fulphureous 
and undiuous Subftances, when once 
they are kindled, continues to diP 
folve them with the Heat of Fire 
and Flame* 


From 
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From thefe Experiments we learn* 
tliat it is the Nature of Acids to dif 
folve Bodies with Heat , and there¬ 
fore, fince I have {hewn that the 
Acid of the Air diffolves the Blood ; 
it muft be allowed, that it warms 
the Blood at the fame time it dif 
folves it. 

When Animals are deprived of 
the Acid of the Air, the Pulfe in 
left than one Minute of Time be¬ 
comes (mall and quick $ as may be 
obferved in a Dog, when his Lungs 
are made flaccid and without Mo¬ 
tion by laying open his Thorax. 
Upon emptying my Lungs of Air 
as much as I could, and then flop¬ 
ping my Breath ; my Pulfe has grown 
finall and quick, with a kind of 
trembling convulfive Motion, in left 
than half a Minute of Time. And 
Thruflon obferved the Pulfe to grow 
fmaller on an Intermiflion of Re - 
{piration, 
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fpiration, and greater again on re¬ 
peating it. 

Hence it appears, that the Mo¬ 
tion of the Heart leffetis immedi¬ 
ately on Animals being deprived of 
the Acid of the Air } and confe- 
tjuently, that this Acid by diffolving 
or attenuating the Blood and pre- 
ferving its Heat, keeps up the Mo¬ 
tion of the Heart; 

Therefore the Propofiiton is true; 

SCHOLIUM; 

t; The Motion of the Lungs iri 
breathing is no otherwife neceffary 
to the Life of Animals* than as by 
this Motion the Lungs receive 3 con¬ 
stant Supply of frefh Air. 

For Hoo\ after he had laid open 
the Thorax of a Dog, cut away his 
Ribs and Diaphragm* and taken off 
the Pericardium, kept him alive be¬ 
fore the Royal Society of London 
C c above 
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above an Hour, by blowing frefh 
Air into his Lungs with a pair of 
Bellows. It was obferved, that as 
often as he left off blowing, and 
fuffered the Lungs to fubfide and 
lie ftill, the Dog prefently fell into 
dying convulfive Motions, and loon 
recovered again on renewing the 
Blaft. After he had done this fe- 
veral Times with like Succefi, he 
pricked all the outer Coat of the 
Lungs with the {lender Point of a 
{harp Penknife, and by a conftant 
Blaft made with a double pair of 
Bellows, he kept the Lungs always 
diftended and without Motion 5 and 
it was obferved, that while the Lungs 
were thus kept diftended with a con¬ 
ftant Supply of frefti Air, the Dog 
lay ftill, his Eyes were quick, and 
his Heart beat regularly j but that 
upon leaving off blowing, and fuf- 
fering the Lungs to fubfide and lie 
ftill, the Dog prefently fell into dy¬ 
ing 
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ing convulfive Motions, and as foon 
recovered again on renewing the 
Blaft, and {Applying the Lungs with 
frefh Air. 

2. The Motion of the Lungs in 
breathing does not change the Co¬ 
lour of the Blood in that Part. 

For Lower , on opening the Pul¬ 
monary Vein of a Dog near the left 
Auricle of the Heart, when his 
Lungs were kept diftended and with¬ 
out Motion by a conftant Supply of 
freih Air, obferved the Blood drawn 
to have the fame florid Colour, as 
the Arterial Blood of other Parts. 

Farther, If the Motion of the 
Lungs changes the Colour of the 
Blood from a dark Purple to a bright 
Red $ I fee no Reafon, why the Mo¬ 
tion of the Mufcles when continued 
for lome Time (hould not keep up 
that red Colour in the Veins- and 
confequently, why under ftrong 
Exercife Venal Blood (contrary to 
G c % Expo- 
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Experience) fhould not be of a bright 
red Colour* For a ftrong and vh 
gorous Motion of the Mufcles muft 
undoubtedly contribute as much to 
prefer ve the bright red Colour of 
Arterial Blood, as the Motion of 
the Lungs contributes to produce it. 

3. The Death of Animals and 
Extinction of Flame in a confined 
Air, are not caufed by a Diminution 
of its Elafticity. 

For there is fometimes as great a 
Diminution of Elafticity in the Air 
in violent Storms of Wind and Hur¬ 
ricanes, as there is in a fmall Quan¬ 
tity of confined Air at the Time 
when Animals die and Candles go 
put in itj and yet no fuch Effects 
follow. Farther^ If Animals die 
and Candles go out in a confined 
Air, from a Diminution of its Ela- 
ftacity - y then thefe Effects would not 
be produced in different Quantities 
of confined Air, until its Elafticity 
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was equally diminifhed in them: 
But it has been found by Experi¬ 
ments* that at the Time when Ani-* 
mals die and Gandies go out in two 
different Quantities of confined Air, 
there is a greater Diminution of 
Elafticity in the fmaller Quantity 
than in the greater : And therefore. 
Life and Flame are not deftroyed by 
a Diminution of the Elafticity of the 
Air. This is farther confirmed from 
an Experiment mentioned above • 
For if effete Air, however forcibly 
blown on live Coals, extinguishes 
them in like Manner as it does 
when in a State of Reft $ then the 
fame effete Air, which in a quiefcent 
State cannot preferve Life, will not 
be able to do it when it is preffed 
into the Lungs with any Force, 
even a greater than is fufficient to 
fwell the Air-Veffels to their ufiial 
Magnitudes : And therefore Ani¬ 
mals do not die in a confined Air, 

from 
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from the Vejtcul<e not being fuffi- 
ciently dilated on account of a Di¬ 
minution of the Elafticity of the 
Air. A Diminution of the Elafti¬ 
city of the Air is no otherwife hurt¬ 
ful, than as it hinders the Veficles 
from being lufficiently dilated, and 
thereby hinders the Blood from re¬ 
ceiving its ulual Quantity of Acid in 
a given Time: On which account, 
the Blood will not be fufficiently dif* 
folved and warmed in the Lungs,* 
which will make Relpiration quick 
and uneafy, but cannot caufe hidden 
Death, 



Proposition XXV. 


T F healthful Bodies he cloathed ahke , 
**- andplaced in a Wind blowing uni¬ 
formly , or move gently along in a calm 
and fiill Atr with the fame uniform 
Motion y 
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Motion $ and if Heat be generated 
in their Blood by the Acid of the Air y 
as fafl as it is lofi by being communi¬ 
cated to the Air in their Lungs and at 
their Skins : The Heats generated in 
their Blood in a fhort given Time, will 
be as the Sums of the internal Sur¬ 
faces of their Syfiems of Air-Veffels 
and external Surfaces of their Bodies y 
and as the Degrees of Heat in their 
Bloody taken together, direBly -> and 
as the Degrees of Heat in the Wind or 
calm Air inverfly . If S, s denote the 
Sums of the faid Surfaces of two 
healthful Bodiesy H, h the Degrees 
of Heat in their Blood when they are 
firfl plac’d in the Windy or begin to 
move in a calm and fill Airy A, a 
the Degrees of Heat in the Wind or 
Air • and G, g the Heats generated 
in their Blood by the Acid of the Air 
in a fhort given Time: l fay y that 
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For fince the Bodies are fuppofed 
to be cloathed alike, the external 
Surfaces of their Bodies will be alike 
expofed to the Air * and the inter¬ 
nal Surfaces of their Syftems of Air- 
Veffels are always alike expofed to 
it, on account of Refpiration j and 
fince it is the fame thing to move 
gently along in a calm and ftill Air 
with an uniform Motion* as to ftand 
ftill in a Wind blowing with the 
fame uniform Motion: It is evident* 
by the 23 d Propofition , that the 
Heats communicated to the Air and 
loft in the Blood of healthful Bodies 
in a very fhort given Time* will be 
as the Sums of the internal Surfaces 
of their Syftems of Air-Veflels and 
external Surfaces of their Bodies* 
and as the Degrees of Heat in their 
Blood, taken together direddy * and 
the Degrees of Heat in the Wind or 
Air inverfly: But by Suppofition, 
the Heat is generated by the Acid of 
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the Air as faft as it is loft by being 
communicated to the Air in the 
Lungs and at the Skin: And there¬ 
fore, the Heats generated by the 
Acid of the Air in the Blood of 
healthful Bodies in a fhort given 
Time, will be as the Sums of the 
internal Surfaces of their Syftems of 
Air-Veflels and external Surfaces of 
their Bodies, and the Degrees of 
Heat in their Blood, taken toge¬ 
ther, directly ; and as the Degrees of 
Heat in the Wind or Air, inverfly $ 

that is, G.giJ-^.-p 

Cor, i. If the Degrees of Heat in 
the Blood of Bodies under the Cir- 
cumftances fuppofed in this Propo¬ 
rtion , and the Degrees of Heat in 
the Wind or calm Air be refpe&ive- 
ly equal,* the Heats generated in 
the Blood by the Acid of the Air 
in a given Time, will be as the Sums 
Dd of 
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of the internal Surfaces of the Sys¬ 
tems of Air-Veffels and external Sur¬ 
faces of the Bodies. If H=h, and 
A -— a 5 then will G. g :: S. s. 

From fome Experiments made 
with a Thermometer at the fame 
Time and in the fame Place, I have 
found the Heats of the warmed: Parts 
of the Skin, and confequently the 
Heats of the Blood, to be nearly 
equal in healthful Bodies of all 
Ages, notwithftanding the Limbs 
of old Bodies are conf derably cold¬ 
er than the Limbs of young Bodies, 
or Bodies of a middle Age: And if 
by a larger Experience, this ihall 
be found to be univerfally true • then 
will this Corollary obtain in all 
healthful Bodies in the fame Place 
and at the fame Time: And as thefe 
Experiments were made when the 
Bodies were at Reft, and the Air 
ftill and calm, fo this Corollary will 
likewife 
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likewife obtain nearly in Bodies at 
Reft in a calm and ftill Air, in tlie 
fame Place and at the fame Time: 
And granting this, and fuppofing 
the external Surfaces of the Bodies 
to be proportional to the whole in¬ 
ternal Surfaces of their SyItems of 
Air-Veftels, and thole whole Sur¬ 
faces to be proportional to the in¬ 
ternal Surfaces of all theirVefid.es 
through which the Acid of the Air 
paffes into their Bloody then will 
the Heats generated in a fhort given 
Time in the Blood of healthful Bo¬ 
dies, in the fame Place and at the 
fame Time, be as the internal Sur¬ 
faces of all the Veficles of their re- 
fpeCtive Syftems of Air-Velfels: And 
if the Veficles attract the acid Parts 
of the Air in Proportion to the Mag¬ 
nitudes of their internal Surfaces, 
(as I have Ihewn the Blood-Veftels 
to a& on the Blood by attractive or 
fome other Powers, in Proportion 
D d z * to 
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to the Magnitudes of their internal 
Surfaces) then will the Heats gene¬ 
rated in the Blood by the Acid of 
the Air in a fhort given Time, be 
as the attractive Powers of all the 
Vehicles. 

Cor . %. If the Degrees of Heat in 
the Blood of Bodies under the Cir- 
cumftances fiippofed in this Propo - 
fition , be equalthe Heats generated 
in it by the Acid of the Air in a 
fhort given Time, will be, as the 
Sums of the internal Surfaces of the 
Syftems of Air-Veffels and external 
Surfaces of the Bodies, direCtly, and 
as the Degrees of Heat in the Wind 
or calm Air,inyerfly: If H=h, then 

will G. g:: 


If by the Thermometer it fhall be 
found, that the Degree of Heat in 
the Blood of healthful Bodies is 

much 
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much the fame at all Seafons of the 
Year, and in all Climates; then by 
this Corollary , more or left Heat will 
be generated in the Blood of the 
fame Body in a given Time, as the 
Air is colder or hotter ; which can¬ 
not be, unleft the Air when it is cold 
abounds more with this Acid, than 
when it is hot: And that it does fo, 
appears from Fire burning belt when 
the Air is coldeft, and worft when it 
is hotteft. Now if the Air be cooled 
by the fame Acid which generates 
Heat in the Blood when mixed with 
it; then as the Air abounds more 
or left with this Acid, it will be 
colder or hotter; and more or lefs 
Heat will be both generated and loft 
in the Blood, in a given Time. 

By the 24 th Propofition , the Acid 
of the Air dilfolves or attenuates the 
Blood, at the fame Time it gene¬ 
rates Heat in it; and the Diflolu- 
tion or Attenuation will be greater 

or 
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or left, as more or left of this Acid 
is mixed with the Blood in a given 
Time : And therefore the Blood 
will be more diffolved or attenuated 
in Winter than in Summer, in Cold 
Countries than in hot. And if the 
Want of a lufficient Diffolution or 
Attenuation of the Blood be the 
Caufe of Malignant Difeafes ,* Bo¬ 
dies will be more lubjed to fuch 
Difeafes in Summer and hot Coun^ 
tries, than in Winter and cold Coun-? 
tries. 

This is the general Law of the 
Attenuation of the Blood, and Heat 
generated in it, in a given Time, on 
Suppofition that the Degree of Heat 
in the Blood is given : However, it 
may fometimes happen, that the 
Attenuation of the Blood and the. 
Heat generated in it, may not be 
proportional to the Degree of Cold- 
nefs in the Air. For the Air may 
|)e fo exceifevely cold, and fo great-? 
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ly faturated with this Acid, that the 
mutual Attra&ion of its Particles, 
arifing from their Clofenefs to one 
another, may hinder them from be¬ 
ing drawn into the Blood in as great 
a Quantity, as when the Air abounds 
lefs with them: And whenever this 
happens, the Fluidity and Heat of 
the Blood will be deftroyed fafter 
than they are generated $ and if this 
continues for any Time, it muft of 
Neceffity put an End to Life. The 
Cafe here is much the fame as in 
Oil of Vitriol, and fome other A- 
cids 5 which from their too great 
Strength will not diffolve Metals Jfo 
quickly, nor raife fo great a Heat, 
as the fame Acids when made weak- 
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Proposition XXVI. 

I F healthful Bodies> fituated alike 3 
whofe Hearts and Lungs are free 
from the Influences of all difturbing 
Caufes , have the mean Capacities of 
theirSyflems of Air-Veffels proportion¬ 
al to the mean Capacities of their Syf- 
tems of Blood-Vef[els y and the mean 
Numbers of their Infplrations in a given 
Time proportional to the mean Num¬ 
bers of their Pulfes in that Time $ the 
mean Quantities of frefh Air infpi- 
red , will be as the mean Quantities of 
Blood which flow thro 7 their Lungs in 
the given Time . 

Since by Suppofition, the Bodies 
are fituated alike with refpeft to the 
Horizon, and their Hearts are free 
from the Influences of all difturbing 
Caufes 5 the mean Capacities of the 
Syftems of Blood- Veflels will be as 
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the mean Capacities of correfpond- 
ingVeffels, that is, as the Squares 
of their mean Diameters into their 
Lengths, or into the Lengths of 
the Bodies,- therefore, the meanCa- 
pacities of the Syitems of Bloods 
Veffels of Bodies of two different 
Lengths, will be as D a L and d*l, D 
and d denoting the mean Diameters 
of any two cotrefponding Veffels, 
and L and 1 the Lengths of the Bo¬ 
dies : Since likewife by Suppofition, 
the mean Capacities of the Syftems 
of Air-Veffels are as the mean Ca¬ 
pacities of the Syftems of Blood- 
Veffels ,* the mean Capacities of the 
Syftems of Air-Veffels of Bodies of 
two different Lengths, will be as 
D" L and d z 1 , when the Bodies are 
fitting, and their Hearts free from 
the Influences of all difturbing Cau- 5 
fes: And fince alfo by Suppofition, 
the mean Numbers of Infpirations 
are as the mean Numbers of Pulles 
E e in 
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in a given Time* the mean Quan- 
tides of frefh Air infpired by health¬ 
ful Bodies of two different Lengths, 
will be as the mean Capacities of 
their Syftems of Air~Veffels, and 
mean Numbers of their Pulfes in 
that Time, taken together, that is, 
as D 2 L P and d 2 1 p, P and p denot¬ 
ing the mean Numbers ol Pulfes in 
the given Time: But by the firfi 
Corollary of the 14 th Propofition y 

P. p : : j : And therefore, the 

Quantities of frefh Air infpired in 
a given Time will be as D 2 V and 
d 2 v, that is, as the mean Quanti¬ 
ties of Blood which flow thro’ the 
Lungs in the given Time, 

The mean Numbers of Pulfes and 
Infpirations in a Minute, of healthful 
Bodies of three different Lengths 
in the Morning when they were fit¬ 
ting, were < 5 j, 72, ii6, and 17* 

j?, 
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1 9, 30. Hence it appears, that 
the mean Numbers of Pulfes and 
Inlpirations in a given Time, are 
proportional to one another in 
healthful Bodies, when they are 
fituated alike with relpedt to the 
Horizon, and their Hearts are free 
from the Influences of all difturb- 
ing Caufes: And if from Experi¬ 
ments it {hall be found, that the 
mean Capacities of the SyItems of 
Air-Veffels are proportional to the 
mean Capacities of the Syftems of 
Blood-Veffels $ then will this Pro- 
pofition be true in healthful Bodies, 

Cor , 1. If this Propofition be true ; 
the mean Quantities of freih Air in- 
fpired in a given Time by health¬ 
ful Bodies, will be in Ratios com¬ 
pounded of the duplicate and lub- 
duplicate Ratios of the mean Dia¬ 
meters of correlponding Blood-V ef¬ 
fete, that is, as DVD and dVd. 

E e % Eqit 
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For V. v::/D. Vd, by the Twelfth 
Propofmon : But the Quantities of 
frem Air infpired in a given Time, 
are as D z V and d a v, by this Propo - 
fition : And therefore, the Quanti¬ 
ties of frefh Air infpired in a given 
Time will be as D z VD and d a vd . 

Cor. 2. If this Proportion be true; 
the mean Quantities of Air infpired 
in a given Time by healthful Bo¬ 
dies of different Lengths, will be 
in Ratios compounded of the fimple 
and fubquadrupiicate Ratios of the 
Lengths of the Bodies, that is, as 

LxL + andlxL. forp.d:: L T . l T ,by 
Cor . 4. Prop. 12; and by Confe- 

quenqe, D! VD. d z Vd :: LxL T . Ixl T : 
But the mean Quantities are as 
P a vV and d z /d, by the laft Corol¬ 
lary : And therefore, they will be 

asLxL T and lxL. 
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Cor. 3. If this Proportion be true ; 
the mean Quantities of Air infpired 
in a given Time by healthful Bo¬ 
dies of different Lengths, will be in 
Ratios compounded of the dupli¬ 
cate Ratios of their Lengths, and 
of the fimple Ratios of the Num¬ 
bers of their Pulfes in a given Time, 
that is, as L 2 P and l 2 p. For by this 
PropoJition i the mean Quantities of 
Air infpired in a given Time are as 
D 2 V and d 2 v: But by Cor. 4. Prop . 
12, D 2 . d 2 :: L, 1 , and by Cor. 1. 
Prop. 14, V. v :: L P. 1 p: And 
therefore, the mean Quantities of 
Air infpired in a given Time will 
be as L 2 P and l 2 p. 

Cor. 4. If this Proportion be true ; 
the Quantities of frefh Air infpired 
in a given Time in Proportion to 
the whole Quantities of Blood, will 
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be as the Numbers of Pulfes in a 
V v 

given Time. For j—. j .:: P. p, by 

n „ V v D*V d‘v 

Cor. i.Prop. 14 : But r . T :: ; 

And therefore, ^:: P. p. 



SEC- 
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SECTION III. 


Of Digefiion and Nutrition, Secret 
tion, and the Di/charges of Hu¬ 
man Bodies . 

Of Digefiion and Nutrition . 


Proposition XXVII. 

T HE Nourijhment of Animals 
changes its Texture in their Bo¬ 
dies, till it becomes like their folid and 
durable Parts . 

For the folid and durable Parts 
of Animal Bodies grow out of their 

NoU'* 
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Nourifhmeiiti But their Growth is 
from an Addition and Adhefion of 
like Parts: And therefore, the Nou- 
rifhment of Animals changes its 
Texture in their Bodies till it be¬ 
comes like their folid and durable 
Parts* 

Cor . i. Hehce it appears, tfiat 
Animals will not be rightly nou- 
riihed, when their Nourifhment does 
not change its Texture in their Bo¬ 
dies till it becomes like their folid 
and durable Parts* 

Cor. 2. Hence it appears, that the 
Nourifhment, by changing its Tex¬ 
ture in the Bodies of Animals, be¬ 
comes more dry and earthy than 
it was before -> other wile, it would 
not be like their iolid and durable 
Parts. 
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Proposition XXVlIL 


T HE Texture of the Nourifhment 
is changed in the Bodies of Ani¬ 
mals y by a gentle Heat and Motion * 

The firfl: remarkable Change in. 
the Texture of the Nourifhment is 
made in the Stomach: In this Bowel 
the folid Parts of the Food are difc 
folved and intimately mixed with 
the Fluids. This Mixture is ufually 
called Chyle. 

Some, from obferving that Fluids 
have a Power of diffolving Bodies* 
have thought that a Fluid in the Sto¬ 
mach diifolves the Food and turns it 
into Chyle; But as it does not ap¬ 
pear from Experiments and Obfer- 
vations, that there is a Fluid in the 
Stomach endued with fuch a Power,* 
F f this 
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this Opinion is without Founda¬ 
tion. 

Others, from ohferving the great 
Strength of the Gizzards of Fowls, 
and that there is commonly Gravel 
found in them, have imagined, that 
the Food is diffolved in the Sto¬ 
machs of Fowls, and confequently 
in the Stomachs of all Animals, by 
Attrition or Grinding. But if this 
Opinion be examined, it will like- 
wife appear to be without Founda¬ 
tion. *For the Food of Fowls is 
moftly Grain, all Sorts of which 
are hard and covered with tough 
Skins $ and therefore, before this 
Food can be diifolved and turned 
into Chyle, it mult be foftened, and 
its Skins ground off* the firft of 
which is done by Warmth and Moi- 
fture in the Craw, and the fecond 
by Attrition in the Gizzard. By 
thefe Contrivances, the Food of 
Fowl is prepared and fitted for Di- 
geftion ,* 
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geftion ,* as human Food is by 
Cookery and other Ways of pre¬ 
paring it, and by the grinding of 
the Teeth. But if we fhould grant, 
that the Food of Fowl is dilfolved 
and turned into Chyle by Attrition; 
it will by no means follow, that 
Food is fo dilfolved and turned into 
Chyle in a human Stomach, which 
has no Gravel in it, and has but ve¬ 
ry little Mufcular Strength in Com¬ 
panion of the Gizzards of Fowls. 
There may be many different Con¬ 
trivances in different Species of Ani¬ 
mals, to loften, grolly divide, and 



that their Food is digefted or turned 
into Chyle by different Caules. 

The Food is dilfolved and turned 
into Chyle by a gentle Heat and 
Motion. Heat makes many Bodies 
fluid, which are not fluid in Cold. 

F f 2 Lead 
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Lead is melted by a Heat eight 
times as great as the external Heat 
pf a human Body; Tin, by a Heat 
fix times as great ; Wax, by a Heat 
twice as great $ and Bones, with the 
Addition of a little Water, are difi 
folvcd in a Digefter by Heat in a 
little Time. If the Heat of the 
Stomach be nearly equal to that of 
the Blood, it may be mfficient, when 
the Orifices of the Stomach are 
pretty exactly doled, to diffolve the 
Food in a few Hours, and turn it 
into Chyle ,• efpecially when it is 
affiftcd by the Motion of the Sto* 
mach, which by agitating and mix* 
ing the Food will contribute to this 
End. For fince Heat can diflfolve 
folid Bodies, and nothing is found 
in a human Stomach, befides a gentle 
Heat and Motion, which can difi 
folve the Food and turn it into 
Chyle j it wiU follow* that the Food 
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is digefted or diffolved, and turned 
into Chyle, by a gentle Heat and 
Motion. 

The Chyle in moving through 
the Inteftines is farther diffolved 
by Heat and Motion : And the fineft 
Part of this Fluid being conveyed 
into the Blood, is ftill farther 
changed by the fame Caufes, name¬ 
ly a gentle Heat and Motion, till it 
puts on the Form of Blood, and, at 
laft, becomes fit to nourifh the Bo¬ 
dy, by being made like its fblid and 
durable Parts, The Growth of the 
Chicken in the Shell out of the 
White of the Egg, is a ftrong Proof 
of the Truth of this: For here is ma- 
nifeftly nothing, befides a gentle 
Heat and Motion, to change the 
White of the Egg, fo as to con- 
vert it into Blood, and render it fit 
Nouriihment for all the Parts of an 
Animal Body, 
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Cor . Hence Animals will not be 
rightly nourifhed, when the Tex¬ 
ture of their Food is not rightly 
changed in their Bodies by Heat and 
Motion ; which may be owing, ei¬ 
ther to an Unfitnefs in the Food for 
fiich a Change, or to Degrees of 
Heat and Motion unfit to effect it. 



Proposition XXIX; 


T HE confiituent folid Parts of 
Animals , according to their fe¬ 
ver al Natures , are endued with pe¬ 
culiar attraBive Powers of certain 
Magnitudes or Strengths by which 
they draw out of the Fluids moving 
thro 0 them like Parts in certain Quan¬ 
tities , andthereby preferve their Forms 
andjufi Magnitudes . 


For 
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For without attractive Powers 
agreeable to their Natures, the 
conftituent folid Parts of Animals 
cannot draw like Particles out of the 
Fluids moving through them ,♦ and 
confequently, cannot preferve their 
Forms: And unlels thefe Powers be 
of Certain Strengths, they cannot 
draw thofe Parts in foch Quantities 
as are proper to prelerve their Mag¬ 
nitudes : And therefore, the Propo « 
fitton is true. 

Cor . 1. Hence Bodies will not be 
rightly nourilhed by proper Food 
changed by juft Degrees of Heat and 
Motion, when the attractive Powers 
of their folid Parts are changed, ei¬ 
ther in their Natures or in their Mag¬ 
nitudes. 

Cor . 2. Hence Animals of the 
fame Species will grow fafter or 
flower, out of the fame JNourifh- 

ment 
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ment rightly changed by Heat and 
Motion 5 as the attractive Powers 
of their folid Parts are ftronger or 
weaker. And univerfally, their 
Growth in a given Time will be 
greater or left 5 as the attractive 
Powers of correfponding Parts are 
greater or left $ or as the Fluids mo¬ 
ving thro 5 thole Parts abound more 
or left with fimilar Particles, that is, 
with Particles rightly fitted to be at¬ 
tracted by thofe Powers. . 

General Scholium. 

I have fhewn that the Nourifh- 
ment of Animals becomes more dry 
and earthy in their Bodies, and that 
this Change is effected by a gentle 
Heat and Motion. How a gentle 
Heat and Motion caufe this Change 
in the Nourifhment, may be under- 
ftood from what Sir lfaac Newton 
has delivered concerning the Na¬ 
ture of Salt. This great Man, find¬ 
ing 
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fng From Experiments and Obfer- 
vations, that Salts are dry Earth and 
tyatry Acid united by Attraction, 
and that the Earth will not become 
a Salt without fo much Acid as 
makes it diffolvable in Water, has 
given the following Account of the 
Formation of Particles of Salt. 

cc As Gravity makes the Sea flow 
cc round the denfer and weightier 
* c Parts of the Globe of the Earth, 
tc fo the Attraction may make the 
cc watry Acid flow round the den- 
iC fer and compaCter Particles of 
<c Earth for compofing the Par- 
<c tides of Salt. For otherwife the 
<c Acid would not do the Office of 
“ a Medium between the Earth and 
<c common Water, for making Salts 
<c diffolvable in Water, nor would 
£C Salt of Tartar readily draw off 
cc the Acid from diffolved Metals, 
fC nor Metals the Acid from Mer~ 
u cury. Now as in the great Globe 
G g “ of 
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lc of the Earth and Sea, the denfeft 
tc Bodies by their Gravity fink down 
<c in Water, and always endeavour 
u to go towards the Center of the 
“ Globe ; fo in Particles of Salt, 
“ the denfeft Matter may always 
cc endeavour to approach the Cen- 
< c ter of the Particle: So that a Par- 
<c tide of Salt may be compared to 
<c a Chaos 5 being denfe, hard, dry, 
tc and earthy in the Center $ and 
<c rare, foft, moift, and watry in 
<c the Circumference. And hence 
it feems to be that Salts are of a 
* c lading Nature, being fcarce de- 
<c ftroy’d, unlefs by drawing away 
iC their watry Parts by Violence, or 
€C by letting them foak into the 
tc Pores of the Central Earth by a 
£C gentle Heat in Putrefadion, until 
c c theBarth be diffolved by the Wa- 
lc ter, and feparated into fmaller 
“ Particles, which by reafon of 
their Smallnefs make the rotten 
“ Com- 
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t( Compound appear of a black 
u Colour. Hence alfo it may be 
iC that the Parts of Animals and 
u Vegetables preferve their feveral 
“ Forms, and affimilate their Nou~ 
“ rifhmentj the foft and moift 
u Nourifhment eafily changing its 
(c Texture by a gentle Heat and 
“ Motion, till it becomes like the 
“ denfe, hard, dry, and durable 
ic Earth in the Center of each Par- 
<c tide* But when the Nourifh- 
H ment grows unfit to be affimi- 
* c lated, or the Central Earth grows 
too feeble to affimilate it, the 
<c Motion ends in Confufion, Pu- 
trefa&ion and Death.” Newt. 
Opt. p. 3< 5 1, 362. 

Hence it appears, that to render 
the faline Part of the Aliment fit to 
nourifh the folid Parts of Animals 
and Vegetables, part of the fuper- 
ficial watry Acid mufl by Heat and 
Motion be drawn off from the Par- 
G g % ticks 



A Treatife of the 

tides of Salt y by which they will 
become more denfe, hard, dry and 
earthy, like the folid and durable 
Parts of the Bodies. And, accordi¬ 
ng to the different Degrees of Heat 
and Motion in the different Species* 
of Animals and Vegetables, the 
watry Moifture will be drawn off in 
different Proportions, fo as in each 
Species to render the Particles like 
the folid Parts of the Bodies of that 
Species. 

And farther, if we confider that 
Water is a very fluid taftlefs Salt, 
and that Animals and Vegetables, 
with their feveral Parts, grow out 
of Water and watry Tindures and 
Saits j we may from what has been 
faid underhand the Manner in which 
the Nourifhment of Animals and 
Vegetables is changed by a gentle 
Heat and Motion, till it becomes 
like the folid and durable Parts of 
their refpe< 5 tive Bodies. 
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Of Secretion, 

Proposition XXX. 

T HE Glands m the Bodies of AnE 
mals y according to their feveral 
Natures and Difpofitions , are endued 
with peculiar attraBive Power$ by 
which they fuck m various Juices from 
the Blood\ 

That the Glands of Animals have 
fuch attractive Powers, I fhall prove 
from Experiments and Obfervati- 
ons. 

cc If two plane polifhed Plates of 
fc Glafs (fiippole two Pieces of a 
fc polifhed Looking-Glals) be laid 
u together, fo that their Sides be 
€c parallel and at a very fmall Di- 
fc fiance from one another, and 
f< then their lower Edges be dipped 

cc into 
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€< into Water, the Water will rife 
(C up between them. And the left 
<c the Diftance of the GlafTes is, the 
greater will be theHeight to which 
<€ the Water will rife. If the Di- 
<c ftance be about the hundredth 
<c part of an Inch, the Water will 
“ rife to the Height of about an 
<c Inch y and if the Diftance be 
“ greater or left in any Proportion, 
* c the Height will be reciprocally 
IC proportional to the Diftance very 
nearly. The Weight of the 
“ Water drawn up being the fame, 
whether the Diftance between 
<c the GlafTes be greater or left $ the 
cc Force which raifes the Water and 
“ fiifpends it muft be likewife the 
cc fame, and fuffer no Change by 
* c changing the Diftance of the 
<c GlafTes. And in like Manner, 
iC Water afcends between two Mar- 
- bles polifhed plane, when their 
€C polifhed Sides are parallel and at 
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ec a very little Diftance From one 
C€ another. And if (lender Pipes 
<c of Glafs be dipped at one End 
cc into ftagnating Water, the Wa- 
tc ter will rife up within the Pipe, 
cc and the Height to which it rifes 
cc will be reciprocally proportional 
<c to the Diameter of the Cavity of 
“ the Pipe,and will equal the Height 
<c to which it rifes between two 
iC Planes of Glafs, if the Semidia- 
“ meter of the Cavity of the Pipe 
<c be equal to the Diftance between 
cc the Planes, or thereabouts. And 
cc thefe Experiments fucceed after 
<c the fame Manner m vacuo as in 
<c the open Air, (as hath been try’d 
“ before the Royal Society ,) and 
<c therefore are not influenced by 
“ the Weight or Preffure of the At- 
<c mofphere.” See Newt . Opt. p. 
366, 3 67. 

Now fince the Rife and Sufpen- 
fion of Water between two Glafs 

Planes 
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Planes and in fmall Glals Pipes, ate' 
not owing to the Prelfure of the At- 
tnofphere $ they mull be caiiled by 
an attractive Power in the Glafs, 
proportional to the Weight of Wa¬ 
ter fuftained by it. Let H* h denote 
the Heights of the Column of Wa- 
ter luftained between the two Glafs 
Planes and of the Cylinder luftained 
in a fmall Glals Pipe $ B, p the 
Breadth of the Column and Peri-* 
phery of the Cylinder j and D, d 
the Thicknels of the Column and 
Diameter of the Cylinder : And 
then the attractive Power which 
luftains the Column will be as HBD* 

or as B, becaufe H is as and the 
attractive Power which luftains the 
Cylinder, will be as —p, or as ~ f 
or as p, becaufe h is as 

Hence it appears, that the at-* 
tractive Power which luftains the 

Water 
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Water ariles only from thole Parts 
of the Glals which are contiguous to 
the Surface of the elevated Water $ 
or more truly, from the Parts of a 
narrow Surface of the Glals, whole 
lower Edge touches the Surface of 
the Water, and whole Height is the 
fmall given pittance to which the 
attractive Power, with which Glals 
attracts Water, reaches; and there¬ 
fore, the attractive Powers of the 
Glals Planes and fmall Glals Pipe 
will be as x B and p. But the Pow¬ 
ers are as the Weights fuftained by 

them, that is, 2 B. p:: H B D. —: 

bd ^ 

Whence HD will be equal to — ; and, 
when D is equal to H will be e- 
qual to h. 

This Power varies in one and the 
fame Pipe,or becomes different when 
exercifed on different Fluids. For 
one and the fame fmall Glals Pipe 
H h will 
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will fuftain different Weights of dif¬ 
ferent Fluids, as appears from this 
Table. 



In 
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In the firft Column are the Names 
of the Fluids, in the fecond the 
Heights to which they rofe in one 
and the fame Glafs Pipe, in the third 
the Denfities of the Fluids, and in 
the fourth the Weights luftained by 
the lame Pipe. I obtained the 
Weights by multiplying the Heights 
into the Denfities. For the Weights 
of Cylinders are as their Magnitudes 
and Denfities taken together, or as 
their Heights and Denfities taken 
together if their Bafes be equal; 
But the Bales of all the Cylinders 
of different Fluids luftained by one 
and the fame Pipe are equal: And 
therefore, the Weights of liich Cy¬ 
linders are as their Heights and 
Denfities taken together. 

Hence it appears, that one and 
the fame Glals Pipe attrads different 
Fluids with different Degrees of 
Force. It attrads Spirit of Vitriol 
more ftrongly than Oil of Vitriol, 
H h % Oil 
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Oil of Vitriol more ftrongly than 
Water impregnated with Salt, Water 
impregnated with Sal Gem and Nitre 
more ftrongly than common Water 
cold, common Water cold more 
ftrongly than the Animal Fluids and 
common Water made boiling hot, 
the Animal Fluids more ftrongly 
than fermented Liquors, fermented 
Liquors more ftrongly than Oils, 
and Oils more ftrongly than ardent 
Spirits. 

So then, if equal Quantities of 
all the Fluids of this Table were 
mixed together, the fame Glafs Pipe 
would fuck in different Parts of this 
heterogeneous Fluid in different 
Proportions. It would fuck in 
more Parts of Water impregnated 
with Salt than of Oil or ardent Spi¬ 
rits. The Parts leaft attra&ed 
would be driven off, to make way 
for thofe which are moft attracted 
to enter into the Pipe $ as in a Fluid 

where 
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where the Force of Gravity alone 
takes place, the lighter Bodies are 
forced to alcend, to make way for 
the Defcent of Bodies which are 
heavier. 

Sir Jfaac Newton has proved from 
Experiments, that the Particles of 
Light attract ardent Spirits and Oil 
more ftrongly than Water: And by 
Confequence, if we liippole a fmaft 
Pipe to be formed out of Particles 
whole attracting Powers are the 
fame with thofe of the Particles of 
Light, and one End of it to be 
dipped into a heterogeneous Fluid 
compoled of equal Quantities of 
all the Fluids of this Table intimate¬ 
ly mixed together $ luch a Pipe 
would attract the Parts of Oil and 
ardent Spirits more ftrongly than 
thole of Water, and luck in more 
Parts of the two former than of the 
latter. The Fluid therefore drawn 
out of the heterogeneous Fluid by 
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this Pipe, would be different from 
the Fluid drawn out of it by a fmall 
tjlafs Pipe ; for two Fluids will be 
different, when they either confift 
of different Parts, or of the fame 
Parts mixed in different Proportions. 

Now fince Pipes of different Na-* 
tures draw off different Fluids from 
one and the fame heterogeneous 
Fluid; it follows, that the fecerning 
Pipes of the Glands, according to 
their different Natures and DifpofI- 
tions, fuck in various Juices from 
the Bl©od, which is a heterogeneous 
Fluid confifting of a great Variety 
of Parts. And confequently, the 
FropofiUon is true. 

Proposition XXXI, 

T F Human Bodies have the fame 
A Number of correfponding Glynds, 
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if thofe Glands have the fame Num¬ 
ber of correfponding fecerning Pipes 
arifing out of correfponding Blood - 
Veffels^ if the Lengths of correspond* 
ing Pipes he as the Lengths of the Bo¬ 
dies, if the Bodies he fituated alike 
with refpeB to the Horizon, their 
Hearts he alike free from the Influ¬ 
ences of difturhing Caufes, and their 
Blood alike faturated with Parts fit 
for Secretion, the Quantities of Hu¬ 
mour difcharged hy correfponding 
Glands in a given Time, will he in 
Ratios compounded, of the fefojuipli- 
cate Ratios of the Diameters of cor¬ 
refponding Blood-Vejfels, and of the 
fuhduplicate Ratios of the Forces which 
move the fecerned Humours through 
correfponding fecerning Pipes , direB- 
ly; and of the fuhduplicate Ratios of 
the Lengths of the Bodies, inverfiy , 
If z denote the Quantities difchar¬ 
ged hy two correfponding Glands in a 
given Time 5 Fj f the Forces which 

move 
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tnove the Humours through two cor~ 
refponding fecerning Pipes • D, d the 
Diameters of two correfponding Blood- 
Hejfels 1 and L, 1 the Lengths of the 

D F 

Bodies; I fay , that Z. z:: D v'-r-. 

, df ' 

d 

For, allowing the Suppofitions 
made in this Propofition to be true, 
it is evident, that the Quantities of 
Humour difcharged by correfpond¬ 
ing Glands in a given Time, will 
be as the Quantities difcharged by 
any of their correfponding fecern- 
ing Pipes in that Time: But the 
Quantities difcharged by corre¬ 
fponding fecerning Pipes in a given 
Time, will be as the Squares of their 
Diameters, and as the Velocities of 
the Humour flowing through them, 
taken together $ or as the Squares of 
the Diameters of the Blood-Veil els 
out of which the Pipes arife, and as 
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the Velocities of the Humour flow¬ 
ing through the Pipes, taken toge¬ 
ther 5 becaufe the Diameters of the 
Pipes are as the Diameters of the 
Blood-Veflels out of which they 
arife $ and the Velocities of the Hu¬ 
mour flowing through correfpond- 
ing Pipes, will by Prop . 1, be in 
Ratios compounded or the direct 
fubduplicate Ratios of the Forces 
which move the Humour through 
them ; and of the inverfe lubdupli- 
cate Ratios, of the Diameters and 
Lengths of the Pipes, or of the 
Diameters of corresponding Blood- 
Veffels and Lengths of the Bodies: 
And therefore, the Quantities of 
Humour difcliarged by correlpond- 
ing Glands in a given Time, will be 
in Ratios compounded of the du¬ 
plicate Ratios of the Diameters of 
correfponding Blood-Veffels and of 
the (ubduplicate Ratios of the Forces 
which move the Humour thro’ cor- 
1 i telpond^ 
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refponding fecerning Pipes, dired- 
ly ; and of the fubduplicate Ratios 
of the Diameters of correfponding 
Blood-Veffels and of the Lengths 
of the Bodies, inverfly $ that is, 

Z.z::DVpj;. dV^j. ButD /gp 

d 4 v'jj:: d/^p : And there- 

r ^ ^ D F , df 

fore, Z. z::D v -p. d/-y. 

Cor. t . If this Propofition be true, 
and if the moving Forces of corre¬ 
fponding fecerning Pipes be as their 
Diameters, or as the Diameters of 
correfponding Blood-Veffels; the 
Quantities of Humour difeharged 
by correfponding Glands in a given 
Time, will be in Ratios compound¬ 
ed of the duplicate Ratios of the 
Diameters of correfponding Blood- 
Veffels dir edly, and of thefubdu- 
plicate Ratios of the Lengths of the 
Bodies inverfly. And the mean 

Quan- 
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Quantities of Humour difcharged in 
a given Time, will be in the fubdu- 
plicate Ratios of the Lengths of the 
Bodies. If F. f:: D. d,* then will 

Z. z:: yry. And fince by Cor. 

4. Prop. 12. the mean Diameters 
of correfponding Blood-Veffels of 
Bodies of different Lengths, are in 
the fiibduplicate Ratios of the 
Lengths of the Bodies ; if D, d de¬ 
note the mean Diameters of cor¬ 
refponding Blood- Veffels of Bodies 
of different Lengths, and Z, z the 
mean Quantities of Humour dif¬ 
charged by correfponding Glands 
in a given Time 5 then Z. z :: vL. 
Vl 


Cor. 1. If this Propofitton be true, 
and if the moving Forces of corre¬ 
fponding fecerning Pipes be as the 
internal Surfaces of the Pipes, that 
is, as their Diameters and Lengths 
I i z taken 



tft A Treatife of the 

taken together, or as the Diameters 
of correfponding Blood-Veffels and 
Lengths of the Bodies taken toge- 
ther j the Quantities difcharged by 
correfponding Glands in a given 
Time, will be in the duplicate Ra¬ 
tios of the Diameters of correfpond¬ 
ing Blood-Yeffels. And the mean 
Quantities difcharged by corre¬ 
fponding Glands in a given Time 
will be as the Lengths of the Bodies* 
If F. f:: D L. d 1 $ then will Z. z :% 
P\ d\ And, fuppofing D, d, Z, z 
to denote mean Diameters of corre¬ 
fponding Blood-Veffels of Bodies 
of different Lengths, and mean 
Quantities of Humour difcharged 
by correfponding Glands in a given 
Time j thenZ ? Z:: L, l f 

Cor. 3. If this Proportion be true, 
and if the moving Forces of cor¬ 
refponding fccerning Pipes be as the 
Capacities pf the Pipes, or as the 

Capa’* 
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Capacities of correfponding Blood- 
Veffels 5 the Quantities of Humour 
difcharged by correfponding Glands 
in a given Time, will be in Ratios 
compounded of the duplicate and 
fubduplicate Ratios of the Diame¬ 
ters of correfponding Blood-Veffels. 
And the mean Quantities of Hu¬ 
mour difcharged by correfponding 
Glands in a given Time, will be in 
Ratios compounded of the fimple 
and fubquadruplicate Ratios of the 
Lengths of the Bodies, If F. f ;: 
IT L. d*l; then will Z. z ::D a VD* 
d a /d. And fuppofing D, d, Z, z to 
denote mean Diameters of corre¬ 
fponding Blood-Veffels of Bodies 
of different Lengths, and mean 
Quantities of Humour difcharged 
by correfponding Glands in a given 
Timej then, fince the mean Diame¬ 
ters of correfponding Blood-Vef* 
fels of Bodies of different Lengths 
are in the fubduplicate Ratios of 

the 
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the Lengths of the Bodies, Z. z :: 

LxLL U[\ 

Cor. 4. If this Propofition be true, 
and if the moving Forces of corre- 
(ponding fecerning Pipes be as the 
Capacities of the Pipes, or as the 
Capacities of correfponding Blood- 
Veffels ; the Sums of the Quanti¬ 
ties difcharged by all the correfpond¬ 
ing Glands, or any given Number of 
them, in a given Time, will be in 
Ratios compounded pf the dupli¬ 
cate and fubduplicate Ratios of the 
Diameters of correfponding Blood- 
Veffels: For, fince the Difcharges 
of any two correfponding Glands 
are in thefe Ratios; the Sum of the 
Difcharges of all the Glands, or of 
any given Number of correfpond¬ 
ing Glands, will be in the fame Ra¬ 
tios. If S, s denote thofe Sums, then 
S. s:: D z vD. dVd. And if S, s,D, d 
denote the mean Sums of the Dif¬ 
charges 
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charges in a given Time and mean 
Diameters of correfponding Blood- 
Veffels of Bodies of different 
Lengths, each Mean being taken 
from a confiderable Number of Bo¬ 
dies of the fame Length; then, 
fince the mean Diameters of corre¬ 
fponding Blood-Veffels are in the 
fubduplicate Ratios of the Lengths 

of the Bodies, S, s::LxL\ 1*1*. 
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Of the Difcharges of Human Bodies, 

Proposition XXXII. 

T HE Mean Quantities of Food 
and Difcharges in a natural 
Day, taken from all the Food and 
Difcharges of a Month, are nearly 
equal in healthful Bodies . 

For I have found by ftatical Ex¬ 
periments, that tho 9 the Food and 
Difcharges of healthful Bodies be 
rarely equal in fingle Days $ yet the 
mean Quantities in a natural Day, 
taken from all the Food and Dif¬ 
charges of a Month, are always 
nearly equal. And therefore, the 
Propofition is true. 


Cor* 
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Coir . i. If N, n denote the mean 
Quantities of Food in a natural 
Day of two healthful Bodies, taken 
from their whole Quantities of Food 
in a Month ; And P, U, S ,• p, u, s, 
the mean Quantities of their Per- 
fpiration, Urine, and Stool, taken 
from the whole Quantities of thole 
Difcharges in a Month $ then by 
this PropofiUon, N is nearly equal 
to P+U+S, and n nearly equal to 
p+u+s* 

Cor. i. if a healthful Body at all 
Seafons of the Year take daily the 
fame Quantity of Food in every 
Month, taking one Day of the 
Month with another - y the daily Sum » 
of the Difcharges in every Month, 
taking one Day of the Month with 
another* will be likewife nearly the 
fame at all Seafons of the Year* 

K k And 
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And therefore, if either Perfpira- 
tion, Urine, or Stool be greater in 
fome Months of the Year than in 
others5 the Sum of the other two 
will be as much lefs : Otherwife the 
Sum of the three could not-be 
given. 

The Truth of thefe two Corolla¬ 
ries will farther appear from the fol¬ 
lowing Table. 



Months 
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This Table was made from a 
Courfe of Statical Experiments. The 
natural Day was divided into three 
Parts, Morning, Afternoon, and 
iSight j the Moaning contain’d fix 
Hours from eight to two, the After¬ 
noon fix Hours from two to eight, 
and the Night the remaining twelve 
Hours. I obfoved the Food and the 
Difcharges in thefe three Parts of 
the Day, every Day for eight Months 
together $ and with the Means ta¬ 
ken from all the Food and all the 
Difcharges in the feveral Months, 
I coinpoled the Table: From which 
it appears, 

Firfi , That Perlpiration and U- 
rine vary in their Quantities at dif¬ 
ferent Seafons of the Year, and that 
as one encreafes the other leflens. 
In April and May they were nearly 
equal, only Urine exceeded Perfpi- 
ration a little in April\ and was ex-s 
ceeded by it a little in May . In 
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the three Summer Months, June, 
July, and duguft, taken one with 
another, Perfpiration exceeded U- 
rine in the Proportion of about j 
to 3. In OBober and November they 
were nearly equal again, only U- 
rine exceeded Perforation a little 
in November . At the End of this 
Month I was interrupted, and hin¬ 
dered from carrying on the Expe¬ 
riments throughout the whole Year, 
as I at firft intended $ but I repeats 
ed them for about ten Days in cold 
trofty Weather, and found that U- 
rine then exceeded Perfpiration as 
much as Perfpiration exceeded U- 
rine in Summer. 

Secondly , That Stool is but a final! 
Pifcharge when compared with Per¬ 
fpiration and Urine, and is but little 
influenced by the Seafons of the Year 
in healthful Bodies. It was a little 
larger in May than in the other 
Months, from a gentle Diarrhea, for 

about 
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about twenty Days in that Month, 
And it was a little lels in OElober 
&nd November, from the Quantity 
of Food being lels in thole Months 
than in the others. 

Thirdly, That the daily Food and 
daily Difcharges taken from all the 
pood and all the Difcharges of a 
Month, are nearly equal at all Sea- 
Ions of the Year in healthful Bo¬ 
dies, only the Difcharges fall a little 
Ihort of the Food in Autumn, and 
exceed it a little in the Spring. The 
Difference between the Food and 
Difcharges at thefe Sealons, arifes 
from Perlpiration being more dimb* 
nilhed in Autumn by the Cold of 
the external Air, than Urine is in- 
creafed $ and more increafed in the 
Spring by the Warmth of the Air, 
than Urine is diminilhed. Urine 
takes up lome Time at thefe Sealons 
to have its Increale and Diminution 
made equal to the Diminution and 
Increafe 



Ani&al OEconomy. i6$ 

Increafe of Perfpiration. And hence 
it is that Bodies grow heavier in Au¬ 
tumn and lighter in theSpring • and 
by Confequence, that they are a 
little heavier in Winter than they 
are in Summer. The Change of 
Weight in Spring and Autumn is 
not great in healthful Bodies, and 
probably does not exceed above 
three or four Pounds * for I have 
known an Increafe of five or fix 
Pounds to have caufed a Difeafe in 
the latter End of Autumn: But an 
Increafe of four Pounds in two 
Months is at the Rate of about an 
Ounce only in a Day : And the 
fame Increafe in three Months is at 
the Rate of only about: two third 
parts of an Ounce in a Day, taking 
one Day with another. 

A Change is continually made in 
the Weight of a growing Body; but 
if we confider the Quantity and 
Time of its Growth, we {hall find 

its 
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its Food and Difcharges in a natural 
Day to be very nearly equal. For 
if a Child newly born weighs it 
Pounds, and in twenty Years (which 
X {hall fuppofe to be the Time of 
growing) come to weigh l6 8 
Pounds ; the Food will exceed the 
Difcharges in a natural Day, taking 
one Day of the whole Time of its 
Growth with another, by fbme- 
thing more than the third part of 
an Ounce. 3 Tis true a healthful 
Child from its feeding plentifully, 
{leeping much, and wanting Exer- 
cife, grows much more the firft 
half Year than it does afterwards in 
the fame Compafs of Time 5 and 
yet even then there is but little 
Difference between the Food and 
Difcharges in a natural Day, taking 
one Day with another. For if its 
Weight when it is born be doubled 
in the fii ft half Year, the Food will 
exceed the Difcharges by little more 

than 
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than an Ounce in a Day* taking one 
Day with another, Therefore the 
Food and Difcharges iri a natural 
Day* taking one Day with ano¬ 
ther, are nearly equal in growing 
Bodies. 

And We may likewife obferve a 
great Change to be frequently made 
in the Weights of grown Bodies in 
the Compafs of a few Years* but 
if we confider the Quantity of the 
Change, and the Time iri which it 
is made; we ihall find little Diffe¬ 
rence between the Food and Difi- 
charges in a natural Day, taking 
one Day of that Time with ano¬ 
ther. For if a grown Body gain 
in Weight jo Pounds in five Years 
Time, the Food will not exceed 
the Difcharges by half an Ounce iri 
a natural Day, taking one Day of 
that whole Time with another* 
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Proposition XXXIII. 

O Uppofmg the fame Things as are 
^ fuppofed in the 31ft Proportion 
and its 3 d Corollary 5 and that the 
Quantities dfcharged by Stool in a 
natural Day, taken from the whole 
Quantities of that Difcharge m a 
Month are in the fame Proportion 
as the daily Difcharges of other cor- 
refpondmg Glands taken from their 
whole Difcharges in a Month j the 
Sum of the Difcharges by Perfora¬ 
tion, Urine, and Stool in a natural 
Day, taken from their whole Quan¬ 
tities in a Month, will in healthful 
Bodies of different Lengths be in Ra¬ 
tios compounded of the duplicate and 
fubduphcate Ratios of the Diameters 
of correfponding Blood-Veffels, that 
is y P+U+S. p+u+s :: D VD. dVd. 

For 
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For the Sums of Perforation and 
Urine in a natural Day, taken from 
their whole Quantities difcharged in 
a Month, are in that Proportion by 
the 4 th Corollary of the 31 [l Propoft - 
non: And the Quantities difcharged 
by Stool in a natural Day, taken 
from the whole Quantities of that 
Difcharge in a Month, are by Sup- 
pofition as the daily Difcharges of 
other correfponding Glands taken 
from their whole Difcharges in a 
Month: And therefore, the Sums of 
the three Difcharges in a natural 
Day, taken from the wholes of their 
refpedlive Quantities in a Month, 
will be in the fame Proportion, that 
is, P+U+S. p+u+s ::DVD. d 2 v'd. 

Cor. 1. If the Diameters of cor¬ 
refponding Blood-Veffels be in the 
liubduplicate Ratios of the Lengths 
of the Bodies; the Sums of the Quan¬ 
tities of Perfpiration, Urine, and 
Liz Stool 
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Stool difcharged daily by healthful 
Bodies of different Lengths, when 
each Quantity is taken from the 
whole of that Difcharge for a Month, 
will be in Ratios compounded of the 
fimple and fubcjuadruplicate Ratios 
of the Lengths of the Bodies. If D. 
d:: v'L.v'l, then will P+U+S- p-KB-s:; 

L+L\ 1 -+- 1 L 

If this Propofition obtains in 
Jiealthful Bodies > this Corollary will 
alfo obtain, when the Diameters of 
correfponding Blood-Veffels are in 
the fubduplicate Ratios of the 
Lengths of the Bodies, They are 
in this Proportion in perfectly ( re-^ 
gular and well-proportioned Bodies, 
when they are fituated alike with re^ 
fped: to the Horizon, and their 
Hearts are free from the Influences 
of all difturbing Caufes$ and the 
mean Diameters of correfponding 
glood-Yeffels of all healthful Bo¬ 
dies 
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dies of different Lengths, whe n each 
Mean is taken from the Diameters 
of thofe Veffels in a confiderable 
Number of Bodies of each Length, 
are likewife in the fame Proportion ; 
And therefore, the mean Sums of 
the Quantities of the Difcharges in 
a natural Day of healthful Bodies 
of different Lengths, when the 
Quantity of each Difcharge is 
taken from its whole Quantity in 
a Month, will be in Ratios com¬ 
pounded of the fimple and fubqiia- 
druplicate Ratios of the Lengths,of 
the Bodies : But thofe Sums of the 
Difcharges are equal to the mean 
Quantities of Food in a natural 
Day, taken from the whole Quan^ 
tities of Food in a Month, by Cor* 
1. Prop . 3 2: And by Confequence, 
the mean Quantities of Food in a 
natural Day of healthful Bodies of 
two different Lengths, will be in 
Ratios compounded of the fimple 
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and fiibquadruplicate Ratios of thole 
Lengths. This Proportion obtains 
nearly in the Royal and Blew-Boys 
Hofpital. For upon inquiring into 
their Food I found, that taking one 
Day of the Week, and confequent- 
ly one Day of the Month, with 
another, the Quantities of Food 
taken daily by Bodies whole Lengths 
are 69 and 54 Inches, are 109 and 
85^ Averdupo'is Ounces: But thele 
Quantities of Food are nearly in 
Ratios compounded of the fimple 
and lubquadruplicate Ratios of the 
Lengths of the Bodies ; only the 
Food of the Boys compared with 
that of the Men, is greater than in 
this Proportion by about 5^ Ounces 
in a Day which may be owing to 
the Food of the Boys being fome- 
thing more liquid than the Food of 
the Men, and to their uling more 
Exercife. In the Food of the Boys, 
the liquid part is to the folid part a 
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little more than 3 to 15 and in that 
of the Men a little more than if 
to 1. 


Lengths of 
the Bodies in 
Inches. 

The Lengths 
into the biqua¬ 
drate Roots of 
the Lengths. 

Whole Quan¬ 
tities of Food 
or Difcharges 
in a natural 

Day in Aver- 
dup. Ounces. 

72 , 

2097 

2I 5 

dp 

I988 

IO9 

66 

l88l 

IO 2~ 

60 

1 <J 70 

5>4 

54 

1463 

80 

48 

iz6 $ 

69 

4 * 

IO69 

5 *i 

3 * 

882 

48 

3 ° 

702 

3 ** 

2 4 

53 1 

2 9 

18 

37 i 

20 


This Table in its third Column 
contains the mean Quantities of 
Food, or mean Quantities of the 
Difcharges, 
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Difcharges, in a natural Day, of 
healthful Bodies of the Lengths fet 
down in the firft Column. I com¬ 
puted it by the fecond Column, 
which contains the Products of the 
Lengths and biquadrate Roots of 
the Lengths of the Bodies, taking 
109 Averdupois Ounces as a proper 
Quantity of Food for well-propor¬ 
tioned Bodies 69 Inches in Height, 
on Suppofition that the liquid part 
of the Food to the folid is in the 
Proportion above-mentioned. The 
Food of very young Children, as 
being wholly liquid, fhould be 
more than is alhgned them by this 
Table 5 but what the exadt Quan¬ 
tity is I know not for want of Ex¬ 
periments. 

Cor. 2. If this Proportion be true, 
as it appears to be by the lafl: Co - 
rollary ; the Sums of the Difcharges 
by Perfpiration, Urine, and Stool, 

in 
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in a natural Day, taken from their 
whole Quantities in a Month, will 
in Bodies of equal Lengths be in 
Ratios compounded of the fimple 
and fiibquadruphcate Ratios of their 
Quantities of Blood. For the Squares 
of the Diameters of correfponding 
Blood-Veflels are as the Quanti¬ 
ties of Blood in Bodies of equal 
Lengths, that is, D\ d a :: Q. q j and 
the Square-Roots of the fame Dia¬ 
meters, are as the biquadrate Roots 
of the Quantities, that is, vD. vd:: 

QL q*: And therefore, P+U+S. 
p+u+s:: Q*QL q*qV 

For Inftance, if the Quantities of 
Blood in two healthful Bodies of the 
fame Length be as 3 to 2, then 
P+U+S. p+u+s:: 19741- 11892. 
If the Length of the Bodies be fix 
Feet, and the Quantity of Food in 
a Day of that Body which has the 
M m greater 
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greater Quantity of Blood be 11 6 
Ounces ; the Quantity of Food in 
a Day of the other Body will be 
about 70 Ounces, 

Proposition XXXIV. Problem V. 

T O determine the Proportion of 
Perfpiration to Urine, at diffe¬ 
rent Seafons of the Tear y at different 
Times of the natural Day, under 
different Kinds and Degrees of Ex - 
ercife , in Bodies of different Ages y 
and Bodies nounjhed hy different 
Kinds of Food\ 

I. Perforation with refped: to 
Urine is greater in Summer than 
in Winter. It was near three times 
as great in the Body from which 
the Table in p . 259 was made, and 
it is generally greater, tho 3 not in 

the 
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the fame Proportion, in healthful 
Bodies. A warm Air warms the 
Skin and increafes Perfpiration, and 
a cold Air cools the Skin and leffens 
Perfpiration ; but as Perfpiration in¬ 
creafes or leffens. Urine on the con¬ 
trary leffens or increafes by that 
Table. The Proportion of Per¬ 
fpiration to Urine is regulated by 
the Heat of the Skin ; and as far as 
the Heat of the Skin is increafed 
or leffened by the Heat or Cold of 
the external Air, the Proportion of 
Perfpiration to Urine will be in¬ 
creafed or leffened by the Heat or 
Cold of the external Air. Accord¬ 
ingly, I have obferv’d Perfpiration to 
have been only equal to, nay fbme- 
tifties to have fallen ihort of, Urine 
in the Summer-Time, in Bodies 
which have been little expofed to 
the Heat and Cold of the external 
Air. And as far as I can judge 
from the Obfervations I have made, 
M m % this 



2 y 6 A Treattfe of the 

this chiefly happens in Bodies whofe 
Skins are naturally cool by a fpare 
Diet, or a languid Motion of the 
Blood, or both. 

II. From the Table p. 259 it 
appears, that Urine is always great-* 
er in the Afternoon than in the 
Mornings that Perfpiration during 
the warm Seafbn is lefs in the After¬ 
noon than in the Morning, and that 
both are greater in the Day than in 
the Night. But as the Man from 
whom that Table was made, walked 
fome Hours every Day, and gene¬ 
rally more in the Morning than in 
the Afternoon; we cannot from that 
Table determine thele Difcharges, 
or their Proportions to one another, 
at different Times of the Day, in 
Bodies which are at Reft. To ob¬ 
tain thefe nearly, I took the Quanti¬ 
ties of Perfpiration and Urine dif* 
charged by two healthful Men B 

and 
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and D, in the feveral Hours of the 
Day for four Days together in very 
hot Weather, and with the mean 
Quantities of the Difcharges in 
thofe Hours, compofed the follow¬ 
ing Table. 



B 


D 1 

Hours. 

Perfpi- 

ration. 

Urine. 

Perfpi- 

ration. 

Urine. 

6 

It 

off 

X 

I 

7 

It 

1 

If 

I 

8 

X 

1 

If 

If 

9 

X 

It 

If 

I To 

10 

X 

It 

1 A 

I 

11 

If 

I 

if 

I 

IX 

2 i 

I 

if 

I 

1 1 

Xj 

n 

If 

I 

X 

X 

1 

If 

I 

3 

3i 

if 

X 

I 

4 

x| 1 

X 

if 

If 

5 

XT 

X 

if 

I 

6 

2.1 

X 

X 

I 

7 

X 

X 

X 

I 

8 

xi 

X? 

X 

I 

9 

X* 

if 

If 

if 

10 

! 

If 

If . 

JL1 
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B took 8 6 Ounces of Food in a Day, 
and D only 6 3 : They both eat their 
Breakfaft at eight a Clock in the 
Morning, dined at two, and fupped 
at eight at Night. It is to be ob- 
ferved, that the Numbers corre- 
fponding to the Hour 6 in the Mor¬ 
ning, are the mean Quantities of 
Perlpiration and Urine which were 
drawn off from the Blood in every 
Hour of the Night, taking on$ 
Hour with another. 

Setting afide Exerci/e, and luppo- 
fing the natural Day to be divided 
into three equal Parts, Morning, 
Afternoon, and Night, and the Mor¬ 
ning to begin at hx a Clock • the 
Quantities perfpired by B and D in 
the Morning, Afternoon, and N ight, 
were nearly by this Table, 16, 20, 
15, and 13, 14, 16i and the Quan¬ 
tities of Urine made by thefe Bodies 
in the fame Times, were nearly p, 
I and 8, 8p. TheProporti- 
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ons of Perforation to Urine in thefe 
Times, were 177, 133, 200, inB* 
and 162, i<54, 177, in D. Hence 
we learn, that the Proportion of 
Perforation to Urine, is greater in 
the Night when Bodies are at Reft 
than in the Day-time ,* that there is 
no great Difference in this Propor¬ 
tion in thefe Times, in Bodies Which 
eat fparingly and drink but little 
Wine, which as the Cafe of D; 
and that in Bodies which eat plenti¬ 
fully and drink Wine, this Propor¬ 
tion is often lefs in the Afternoon 
than in the Morning, which was 
the Cafe of B. Wine in moft Bo¬ 
dies increafes the Difcharge by U- 
rine 5 and as that Difcharge increa- 
fes, the Proportion of Perfpiration 
to it will neceffarily leffen ; unlefs 
Perfpiration beincreafed in the fame 
Proportion as Urine is increafed, 
which I believe very feldom hap¬ 
pens. Hence we may judge of the 

Pro- 
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proportion of Perforation to Urine 
at different Times of the natural 
Day, in Bodies which are at Reft ; 
and at the fame time fee, that not- 
withftanding the Inequalities of this 
Proportion in different Parts of the 
natural Day, the Proportion of Per¬ 
foration to Urine in the whole na¬ 
tural Day, is nearly the fame at the 
fameSeafbn of the Year in health¬ 
ful Bodies; it was nearly 162 in B, 
and 168 in D. 

III. The Proportion of Perfo¬ 
ration to Urine, is increafed by all 
thofe Exercifes which increafe the 
Motion of the Blood and warm the 
Skin. Two Men of nearly the fame 
Height and Weight walked a Mile 
in half an Hour, and in that Time 
each perfpired about 3^ Ounces, 
which was about three times as much 
as they ordinarily perfpired in the 
fame Time in the Heat of Summer 

with- 
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without Exercife. This Degree of 
Exercife gave a glowing Warmth 
to the Skin ; it did not make them 
fweat, but Would have cauled a gen¬ 
tle breathing Sweat, had it been 
continued much longer* The fame 
Men walked above two Miles in half 
an Hour, and in that Time one per¬ 
fpired nine Ounces, and the other 
eight, which was about eight times 
as much as they ordinarily perfpired 
in the fame Time in the Heat of 
Summer without Exercife. This 
Degree of Exercife made them fweat 
profufely. A third Man, who was 
fat and much taller than either of 
the others, walked two Miles in 
half an Hour, and in that Time 
perfpired thirteen Ounces and a 
half, which was about nine times 
as much as his Summer’s Perfpira- 
tion in the fame Time without 
Exercife. And a Boy feven Years 
old, who without Exercife perfpired 
N n half 
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half an Ounce in half an Hour in 
the Heat of Summer, by walking at 
fuch a Rate as gave a gentle Warmth 
to his Skin, but did not make him 
fweat, perfpired about three times 
as much in the fame Time. At the 
Beginning of the Exercife of Walk¬ 
ing I have obferved, that Urine has 
been increafed as well as Perfora¬ 
tion ; but on continuing the Exer¬ 
cife, Urine in a very little Time 
has decreafed, and grown lefs than 
it was before the Exercife, from the 
large Difcharge which was made 
by the Skin. If we fuppofe the 
Quantity of Urine not to be leffen- 
ed by Exercife, as it may not in 
Perfons who by Drink fiipply the 
Lofs which is made by Perfpiration, 
then will the Proportion of Perfpi- 
ration to Urine be 6 to t, in Perfons 
who walk at fiich a Rate as to give 
a glowing Warmth to their Skins 
but not to caufe Sweat, and id to r 
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in Perfons who walk at fuch a Rate 
as to fweat profufely, on Suppofi- 
tion that the Proportion of Perfo¬ 
ration to Urine is 2 to 1 in the Heat 
of Summer. The Exercif^of Ri¬ 
ding increafes Perfpiration, but nei¬ 
ther fo fiiddenly, or in fo great a De¬ 
gree, as the Exercife of Walking* 
as appears from the following In- 
ftance. A healthful Man upwards 
of ninety Years of Age, who com¬ 
monly without Exercife difcharged 
four or five times as much by Urine 
as he did by Perfpiration, obferved 
that in the Night, after riding fe¬ 
ver al Hours the Day befpre, he al¬ 
ways perfpired as much as he dip- 
charged by Urine. In this Cafe 
therefore, Perfpiration to Urine was 
increafed by Riding in the Propor¬ 
tion of 4 or 5 to 1. 

IV. The Proportion of Perfpi¬ 
ration to Urine in Bodies of diffe- 
N n 2 rent 
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yent Ages will be greater or lefs, as 
the external Heat- of the Body is 
greater or lefs; But the external 
Heat of the Body is lefs in old Bo- 
dies than in others: And therefore, 
the Proportion of Perfpiration to 
Urine will be lefs in old Bodies 
than in others, In the old Man 
above-mentioned, this Proportion 
was lefs than in Bodies in the Vi¬ 
gour of their Age in the Heat of 
Summer, in the Proportion of 1 to 
8 or iq. 

V, The Proportion of Perfpira¬ 
tion to Urine in Bodies nourifhed 
by different Kinds of Meats and 
Drinks will be greater or lefs, as 
thofe Meats and Drinks are fitted 
to warm or copl the Skin by warm¬ 
ing or cpoling the Blood, and in- 
creafmg ot leffening its Motion. As 
to Drinks, Water and watry Liquors 
drank hot warm the Skin and in- 

preafe 
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creafe Perfpiration ,* and drunk cold 
cool the Skin, and increafe Urine. 
Three or four Quarts of Chaly¬ 
beate Waters will paft off by Urine 
in many Bodies in lefs than three 
Hours Time. Wine and other fer¬ 
mented Liquors drunk cold and in 
large Quantities frequently paft off 
very quick by Urine, but not alto¬ 
gether fo quick as cold Water ,* and 
drunk hot they increafe Perfpira¬ 
tion. Water impregnated with Nitre 
is colder and more diuretick than 
plain Water. As to Meats, thofe 
which are dry and warming increafe 
Perfpiration 5 and thofe which are 
moift and cooling increafe Urine. 
Ripe Apples increafe Perfpiration, 
as appears from the following In- 
ftance. The old Man above-men¬ 
tioned, whole Perfpiration in the 
eighty-fixth Year of his Age was 
not above ~th part of his Urine, by 
eating three quarters of a Pound of 
mellow 
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mellow Apples at Night with Bread, 
brought his Perforation to be near¬ 
ly equal to his Urine, lefs only in 
the Proportion of 13 to 1 6. That 
this Change in Perfpiration was 
owing to the Apples, appeared from 
hence, that on leaving them off, 
his Perfpiration grew lefs, and re¬ 
turned to what it was before he be¬ 
gan to eat them. 

From thefe Inftances it appears, 
that the Proportion of Perfpiration 
to Urine, is increafed or leflened by 
Meats and Drinks, as they increafe 
or leflen the Heat and Motion of 
the Blood. 
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SECTION IV. 

Of the EffeBs of various Fluids > of 
Age y of different Kinds of ]/ffea~ 
ther y and of Exercife, on animal 
Fibres . 


Proposition XXXV* 

I F an animal Fibre be extended by 
a Force aBing uniformly upon it $ 
its Strength will be direBly as that 
Force y and inverfly as the Extenfion 
caufed by it in a given lime: And if 
the Fibre be of a given Sort of Mat - 
ter y and its Extenfion caufed by the 
Force in a given Time be finally itt 
Strength then will be very nearly at 
O o the 
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the Square of its Diameter direBly i 
and as its Length inverfly. If S de* 
notes the Strength of a Fibre , F the 
extending Force , E its Extenfion cau- 
fed by the uniform ABion of that 
Force in a given Lime, D its Dia¬ 
meter, and L its Length $ then S will 

be as |r; and if the Fibre be of a 

given Sort of Matter ? and its Extent 
Jion be fmall, then S will be very 

7 D * 

nearly as 

For the Strength of a Fibre will 
be greater, when either a great¬ 
er Force is required to extend it 
thro" the fame Space, or the fame 
Force is required to extend it thro’ 
a lefs Space, in a given Time: And 
therefore its Strength will be as the 
extending Force dire&ly, and as 
the Extenfion caufed by the uniform 
Action of that Force in a given 

Time 
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Time inverfly, that is, S will be 

P 

as And by meafuring the Dia- 

meters and Lengths of Hairs, and 
taking their Extenfions caufed by 
the uniform Adtion of Forces in a 
given Time, I found that in fmall 
Extenfions the Ratio of the extend¬ 
ing Force to the Extenfion caufed by 
it in a given Time, is very nearly 
equal to the Ratio of the Square of 
the Diameter of a Hair to its 

F 

Length $ that is, g- is very nearly 
equal to -g-. Therefore the Pro - 
pofition is true. 

Cor . If the extending Force be 
given, the Strength of a Fibre will 
be inverfly as its Extenfion caufed 
by the uniform Action of that Force 
in a given Time. If F be given, S 

will be as -g, 


O o 2 


1 ex- 
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I examined the Strengths of dif¬ 
ferent Kinds of Fibres, namely 
Hairs, Fibres of Silk, and Nerves 
of Animals $ and finding them all 
to be affected by the fame Fluids in 
like manner but in different De¬ 
grees, I chofe human Hairs as the 
fitteft for Experiments, and from 
them compofed this Section. 

The Hair I ufed in compofing the 
two following Tables, was that of 
a healthful young Woman 2 2 Years 
of Age. And in order to difcover 
how it was affected by different 
Fluids, I ufed fuch Hairs only where¬ 
of equal Lengths were equally ex-’ 
tended by the fame Force in a given 
Time, that is, fuch whereof a 
Length of 10 Inches was extended 
by a given Weight through 5 Divi- 
fions of a Scale, in which an Inch 
was divided into 40 equal Parts. 
And when I had wet one of thofe 
Hairs with fome Fluid for one Mi¬ 
nute, 
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nute, I topk its Extenfion when wet 
in the Divifions of the fame Scale. 
And having got thefe two Exten- 
fions, and fiippofing E to exprels 
the Extenfion of the wet Hair 5 its 
Degrees of Strength when dry and 

when wet, will be as ~ and |r, by 

this Cor . or as 1 and |r,orasx00000 

and - 0( ^— . And therefore the 

Strength of the dry Hair being ex- 
preffed by iqoooo, its Strength 
when wet with that Fluid, will be 

, 500000 

b y -£—• 

I meafured the Extenfions of the 
Hairs by means of an apparatus 
thus contrived. ABCD reprelent- 
ed a Ruler, whole Length AD is 
about two Feet, its Breadth DC 
about three quarters of an Inch, 
and its Thicknefs CV one quarter, 
of an Inch. The upper End is re¬ 
ceived 


exprefs’d 
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ceived into a Block, fo as that the 
Ruler hangs perpendicularly to the 
Plane of the Horizon. IKL is a 
Aiding Plate of Brafs lo contrived, 
as that it may be fixed any where on 
the Ruler by means of a Screw M 
prefling the Plate of Brafs NO a- 
gainft the Side BCV. From the 
Middle of this Aiding Plate projects 
a fmall Cylinder reprefented at r, 
having an Hole drill’d thro’ it at 
right Angles to its Axis and to the 
Horizon,* and the Axis of the Cy^ 
linder receives a Screw which preP 
fes againft the Center of its Bafis. 
The lower End of the Ruler is faced 
with a thin Plate of Ivory feven 
Inches in Length ; each Inch is di¬ 
vided into 40 equal Parts, ab, be, 
&c. and each of thofe Parts by 
means of a diagonal Sgale into four 
others. pRq is a fmall piece of 
Brafs 8 Grains in Weight, having 
a Groove on its upper Part, where 
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it is pierced with a very (mall Hole 
in order to receive the End of 2 
Hair under the Screw o ; and pq re- 
prelents an human Hair for cutting 
the Divifions on the Scale PC. 

Having pafs’d one End of an Hair 
thro 5 the Email Hole at R,and fatten’d 
it by turning the Screw o, I drew the 
other End by help of a (mall bearded 
Wire through the Hole in the Cy¬ 
linder r, and fixed it by the Screw 
n, fo as always to have an Interval 
of 1 o Inches between thole Screws. 
Then on the Groove of the Brals 
pRq I hung a Scale with a Weight 
W, and oblerved the encrealed 
Length or Extenfion of the Hair 
when dry in two Minutes of Time, 
cauled by the uniform A&ion of the 
given Weight of 300 Grains, which 
was the Sum of the Weights of the 
Scale, ofW, and of the little Brafs 
pRq. If this Extenfion either ex¬ 
ceeded or fell (hort off Divifions of 
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the Scale, the Number pitch’d upon 
for the given Extenfion of a Hair 
when dry, I threw this Hair away 
and try’d others, till I met with one 
which had exa&ly that given Ex¬ 
tenfion. I then took off the Scale, 
and gently rub’d the Hair from End 
to End with a Feather dipp’d in fome 
Fluid, and continued thus wetting 
it for one Minute ,* at the End of 
which Time, I put on the Scale 
again, and obferved the Extenfion 
produc’d in two Minutes, the Hair 
being kept wet, by gently rubbing 
it with the wet Feather all the Time. 
Sometimes I got the given dry Ex¬ 
tenfion by taking a Mean of two or 
more dry Extenfions which were 
near it, and the wet Extenfion cor- 
refponding to it by taking a Mean 
of the wet Extenfions of the fame 
Hairs. And after I had found the 
Extenfion of a Hair wet with Water 
to be 3 j, its Extenfion when dry 

being 
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being y : I frequently did not takd 
the dry Extenfions* but took the Ex-* 
tenfions of Hairs* firft wet with Wa-* 
ter, and afterwards, when they were 
dried, with other Fluids* And if 
the Extenlion of a Hair wet with 
Water, was a few Divifions either 
above or below 35, I got the true 
Extenfion of a Hair wet with feme 
other Fluid corresponding to the 
Extenfion 3 y when wet with Water * 
by this Analogy. As the Extenfion 
great!* or lefs than 3 5 is to 3 y* fd 
is the Extenfion correfponding to 
that greater or lefs Extenfion when 
a Hair is wet with fome other Fluid* 
to the Extenfion it Would have had 
when wet with that Fluid, had its 
Extenfion when wet with Water 
been 3y. Thus I got the Exten- 
fions of Hairs, and from thofe Ex- 
tenfions compofed the following 
Tables i 
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Wet with Mutton Suet melted 

Fat of a Turkey melted 
Oil Olive 
Oil of Turpentine 
Oil of Fennel 
Butter melted 
Salt of Tartar per deliquium 
A ftrong Solution of com-T 
mon Salt -* 

Spirit of Wine re&ified 
Rum 

A ftrong Solutisn of Sal -7 
armoniac 
Good Brandy 

A ftrong Solution of Sal-gem 
A ftrong Solution of Nitre 
A ftrong Solution of fiheSuga 
Meath 

Cream of Cow’s Milk 
Juice of Mazzard Cherries 
Gravy of roaft Beef 
Cow’s Milk skim’d 
A ftrong Solution of Greeny 
Vitriol 

Juice of a ripe Necfarin 
Juice of a Lemon 
Juice of a ripe Peach , 

A ftrong Solution of Alum 
Ereftch Claret 

A ftrong Solution of Salt of -j 
Tartar J 

Vinegar 

Juice of common Cherries 
Sheep’s Gall 
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Wet with Juice of a ripe Apple 
Juice of raw Beef 
Gravy of roaft Veal 
Boy I’d Water, when cold 
Gravy of boyl’d Mutton 
Juice of Rasberries 
Juice of Billberries 
Juice of Currans 
Juice of Goofeberries 
Juice of Parfley 
Dewin June- 
Juice of raw Turneps 
Juice of Sorrel 
J uice of a very ripe Apricock 
Juice of raw Carrots 
Juice of Cucumbers 
Juice of Purflain 
Juice j?f Lett ice 
Juice of Mint 
Juice of Fennel 
A ftrong Itifufion of Muf--> 
tard-ieed in Water J 

Juice of raw Onions 
Juice of raw Potatoes 
Juice of raw Cabbage 
Water cold 
Juice of raw ParfnepS 
Juice of Dandelion 
Juice of Sage 
Juice of raw Selery 
Juice of Water Crefles 
Juice of Scurvy-Grafs 
Spirit of Sal-armoniac 
Water hot 
Spirit of Vitriol 


P p 2 


Table 
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Salt of Tartar per deliquium, and a part of Spirit! j gi. <50973* Sf 10 9 
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Observations on the ables. 


Ohf. i . A Nimal Fibres are ftrong- 
er when they are dry, 
than when they are wet with any of 
the Fluids of thefe Tables. 

Ohf. z. By the fir ft Table, Fats 
and Oils ftrengthen animal Fibres 
out of the Body more than ardent 
Spirits; ardent Spirits ftrengthen 
them more or left, as they are more 
or l^ft retftified,* Cream of Cows 
Milk ftrengthens them more than 
skim’d Milk, and fermented Liquors 
more than cold Water: But ardent 
Spirits and fermented Liquors of all 
Kinds are compoled of Oil and Wa¬ 
ter united by Fermentation, the Wa¬ 
ter, by means of fome faline Spirits 
with which ? tis impregnated, dip 

folving 
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folving the Oil, and volatilizing it 
by the Action,- Cream of Cows 
Milk contains more oily Parts than 
skim’d Milk •> and even Water is not 
void of oily Parts, forafmuch as out 
of it grow all vegetable and animal 
Subftances which contain iuch Parts 
in their Compofition: And there- 
fore it is rational to attribute the 
ftrengthening Powers of all thefe 
Fluids to their oily Parts. 

Obf. 3. Dew, which is compo- 
fed of watry Vapours condenfed, 
ftrengthens animal Fibres little more 
than cold Water: But Salt of Tartar 
per deliqumm ftrengthens them 
much more than the ftrongeft Solu¬ 
tion of the fame Salt in cold Water: 
And therefore this Salt in deliqua- 
ting draws fomething out of the Air 
befides Water. What that is, may 
be gathered from Prop . 24. and 
the following Chymical Experi¬ 
ments 
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merits and Inferences drawn frorti 
them. 

cc A Solution of Silver in Aqua 
€C forth poured upon Copper, dip 
<c folves the Copper and lets go the 
€C Silver $ a Solution of Copper 
“ poured upon Iron* dilfolves the 
€C Iroji and lets go the Copper $ a 
iC Solution of Iron poured upon La- 
“ pis Calaminaris or Zink* diffolves 
<c the Lapis Calaminaris or Zink 
lc and lets go the Iron; a Solution 

of Zink poured upon Chalk, 
c< Crabs Eyes or Oyfter-fhells di£ 
iC folves the Chalk, Crabs Eyes or 
<c Oyfter-{hells and lets go the 
€C Zink* a Solution of Chalk, Crabs 
€C Eyes or Oyfter-ihells mix’d with 
<c Spirit of Sal - armoniac, unites 
<c with the Spirit and lets go the 
€C Chalk, Crabs Eyes or Oyfter- 
cc {hells* and this Mixture poured 
<c upon Salt of Tartar per deliquium, 
iC diflolves the Salt and lets go the 
<c volatile 
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tc volatile Spirits. Hence the acid 
tc Particles of Aqua forris are at- 
cc traced more ftrongly by Cop- 
u per than by Silver, and more 
“ ftrongly by Iron than by Copper, 
“and more ftrongly by Lapis cala - 
“ mlnarts or Zink than by Iron, 
“ and more ftrongly by Chalk, 
“ Crabs Eyes or Oyfter-fhells than 
“ by Zink, and more ftrongly by 
“ Spirit of Sal-armoniac than by 
<c Chalk, Crabs Eyes or Oyfter- 
cc ftiells, and more ftrongly by Salt 
cc of Tartar per deliqulum than by 
cc Spirit of Sal-armoniac. 

Hence it appears, that Salt of 
Tartar per dehqulum attracts Acids 
more ftrongly than Metals do, or 
any Body we know of: But the Air 
abounds with acid Particles, by Prop. 
24 : And therefore the watry Moi- 
fture imbibed from the Air by this 
Salt when it deliquates, muft necef- 

CL SI My 
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farily be ftrongty impregnated with 
acid Particles. 

And if the Acid of the Air be the 
foie Caufe of the great Excels of the 
ftrengthening Power of Salt of Tar¬ 
tar per dehqmum above that of the 
ftrongeft Solution of the fame Salt 
in Water, as I think it muft be al¬ 
low’d to be 5 then luch as receive 
moft of that Acid into their Blood 
in a given Time, will, cater is part- 
bus , have the ftrongeft Fibres. Hence 
animal Fibres are ftrongeft in frofty 
Weather, are ftronger in Winter 
than in Summer, in cold Countries 
than in hot, in dry Weather than in 
moift, and in Winds which blow 
from the North and Eaft , than in 
Winds blowing from th e South and 
Weft. 

Obft 4. By the lecond Table, Spi¬ 
rit of Sal - armoniac and Sheep’s 

Gall, 
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Gallfteffen the (Lengthening Powers 
of Oils, ardent Spirits, Cream, and 
fermented Liquors; and the Spirit 
leflens them more than the Gall: 
But by the fecond Obfervation Oils, 
ardent Spirits, Cream, and ferment¬ 
ed Liquors have their (Lengthening 
Powers from their oily Parts : And 
therefore Spirit of Sal-armoniac and 
Sheep’s Gall mull leften the ftrength- 
ening Powers of thofe Fluids by pro¬ 
ducing fome Change in their oily 
Parts. Hence Gall in the Inteftines 
of Animals, leffens the ftrengthen- 
ing Power of the oily Part of the 
Aliment in its Paffage thro 3 them. 

Obf, y. The Fats of Animals are 
rather more {Lengthening than Oil- 
Ohve, which fhews that the oily 
Part of the Nourifhment regains in 
the Blood that Part of its (Length¬ 
ening Power which it lofes in the In¬ 
teftines by being mix’d with the 
q z Gall; 
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Gall: But the Acid of the Air has 
a very great ftrengthening Power, 
by Ohf. 3 y and the Blood of Ani¬ 
mals has a conftant Supply of this 
Acid by means of Refpiration, by 
Prop. 14: And therefore it is ratio¬ 
nal to attribute the Recovery of the 
ftrengthening Power of the oily 
Part of the Nourifhment deftroy’d 
by the Gall in the Inteftines, to the 
Acid of the Air. 

And if Oil, when its ftrengthen- . 
ing Power is deftroy’d or greatly left 
fened by Gall, can recover it again 
by being mix’d with the Acid of the 
Air, we may allow this Acid to be 
the immediate Caule of the ftrength¬ 
ening Powers of Oils and all Fluids 
abounding with oily Parts. For 
Spirit of Sal-armoniac very much 
lcilens the ftrengthening Powers of 
Oils and Fluids abounding with oily 
Parts, by the fecond Table: But this 
Spirit attracts Acids very ftrongly by 
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the Experiments in Obf 3 : And 
therefore it is rational to think that 
it leflens the ftrengthening Powers 
of the faid Fluids by drawing of an 
Acid from their oily Particles; This 
Acid mull be the fame with the vo¬ 
latile Acid of the Air which enters 
the Compofition of all vegetable 
and animal Subftances : And confe- 
quently Oils and Fluids abounding 
ing with oily Particles, have their 
ftrengthening Powers from the A- 
cid of the Air united with thofe 
Particles, And that animal Fibres 
have their Strength from the fame 
Caufe will be fhewn in the next Ob- 
fervation. 

Obf, 6 . Spirit of Sal-armoniac 
ufed alone weakens animal Fibres 
much more than cold Water; and 
it weakens them gradually, that is, 
if they be extended fucceffively be¬ 
ing fuffered to contract after every 
Extenfion, 
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Extenfion, they will grow weaker 
in every fucceeding Extenfion for a 
confiderable Time. For an Hair 
kept wet with this Spirit, was weak¬ 
er in the 2 jth Extenfion than in the 
firft in the Proportion of 1 to 2 j and 
another Hair kept wet with it, was 
weaker in the doth Extenfion than 
in the firft in the Proportion of 1 o 
to 23, I try’d this laft Hair four 
Days after when wet with the fame 
Spirit, and found that it had not 
recovered any part of its loft 
Strength in that Time 5 but was 
then as weak in the firft Extenfion, 
as it was in the doth in the firft 
Trial. Hence Spirit of Sal-armo- 
niac gradually weakens the Power of 
the Caufe upon which the Strength 
of animal Fibres depends : But this 
Spirit from its attracting Acids very 
ftrongly, greatly leffens the ftrength- 
ening Power of oily Particles by 
drawing off the Acid of the Air from 

them. 
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them, by Obf j ; and animal Fibres 
contain an Acid in their Compofi- 
tion, forafmuch as they contain 
Salt ,* and Salt is compofed of Acid 
and Earth united by Attraction, as 
Sir Ifaac Newton has {hewn, Opt . 
p . 360 : And therefore Spirit of 
Sal-armoniac gradually leffens the 
Strength of animal Fibres, by gra¬ 
dually drawing off an Acid from 
their earthy Parts, upon which A- 
cid the Strength of Fibres depends. 
This Acid muft be the fame with 
the Acid of the Air, becaule Ani¬ 
mals have a conftant Supply of this 
Acid both from their Food, and by 
means of Refpiration. 

Obf. 7. The Juices of Water- 
Creffes and Scurvy - Grafs, weaken 
animal Fibres fomething more than 
cold Water, but much lels than Spi¬ 
rit of Sal-armoniac; and they pro¬ 
bably do it, as that Spirit does, by 
drawing 
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drawing off a fmall Portion of the 
Acid from the earthy Parts of the 
Fibres. 

Ohf 8. Spirit of Vitriol weakens 
animal Fibres gradually, like Spirit 
of Sal-armoniac. For a Hair kept 
wet with this Spirit was weaker in 
the 12th Extenhon than in the firft 
in the Proportion of 7 1 to 1 j. The 
Way this Spirit weakens animal Fi¬ 
bres may be this : The earthy Part 
of a Fibre may attract this Spirit 
more ftrongly than its own Acid 
from whence it has its Strength, and 
not being able to hold both, may 
let go its own to clofe with this, and 
fo lofe its Strength. The Cafe here 
is much like that deferibed by Sir 
Ifaac Newtonm thefe Words. “ When 
<c Spirit of Vitriol poured upon 
<c common Salt or Salt-petre makes 
cc an Ebullition with the Salt and 
“ unites with it, and in Diftillation 

<c the 
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* c the Spirit of the common Salt or 
<c Salt-petre comes over much eafier 
cc than it would do before, and the 
cc acid Part of the Spirit of Vitriol 
“ flays behind; does not this argue 
<c that the fix’d Alcaly of the Salt 
<c attracts the acid Spirit of the Vi- 
<c triol more flrongly than its own 
<c Spirit; and not being able to hold 
“ them both, lets go its own? 
°PP- 353 - 

Obf. 9. Rectified Spirit of Wine 
flrengthens animal Fibres at firft 
much more than cold Water; but 
if Fibres be kept conflantly wet with 
it, they will grow weaker in every 
Extenfion for fome Time. For a 
Flair kept conflantly wet with it, 
was weaker in the 24th Extenfion 
than in the firft in the Proportion 
of 16 to 7 ; but it was then ftronger 
than if it had been wet with Water 
in the Proportion of 35 to 2 6: So 
R r that 
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that tho 3 Hairs wet with this Spirit 
grow weaker and weaker in every 
Extenfion, yet as far as I have try’d 
they never come to be fo weak ’as 
when wet with Water. The Rea- 
. fon may be, that the fpirituous Part 
of this Fluid evaporates much fafter 
than its watry Part : For this will 
leave the Hair more faturated with 
Water and lefs with Spirit in every 
lucceeding Trial, and fo gradually 
weaken it, tho 3 never fo much as 
cold Water. The Strength of a Hair 
wet with this Spirit in the firffc Table, 
was taken from the firft Extenfion, 
in which we may fuppole the Hair 
to be moftly faturated with this Spi¬ 
rit. But the Strengths of Hairs wet 
with Spirit of Sal-armoniac and Spi¬ 
rit of Vitriol were taken from the 
laft Extenfions of the Trials 1 made, 
as they ought to be, on account of 
the Change made in the Texture of 
the Fibres by thofe Spirits. 

Obf. 
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Obf 10. Spirit of Sal-armoniac 
and the Gall of Animals fcarce al¬ 
ter the ftrengthening Power of the 
ftrongeft Solution of common Salt 
in Water j which argues that the 
acid Part of common Salt is more 
ftrongly attracted by the Alcaly of 
that Salt, than it is by Spirit of Sal- 
armoniac and the Gall of Animals. 
Hence common Salt is of a very per¬ 
manent Nature, and a great Pre- 
lerver of animal and vegetable Sub- 
ftances from Putrefa&ion when they 
are faturated with it, 

Obf, 11. Spirit of Sal-armoniac 
and the Gall of Animals mix’d with 
Salt of Tartar per dellqumm , en- 
creafe its ftrengthening Power ; and 
this they do by imparting fome A- 
cid to that Salt. For Salt of Tartar 
per deliqmam attracts Acids more 
ftrongly than Spirit of Sal-armoniac 
does, by the Experiments in Obf 3 ,* 
Rr z and 
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and confequently, by the ftronger 
Attraction, it not only retains its 
own Acid, but draws fome Acid 
from the Salts of the Spirit and 
Gall, and has its {Lengthening 
Power encreafed thereby. 

Ohf 12. Vegetable Juices taken 
one with another, ftrengthen ani¬ 
mal Fibres fomething more than 
cold Water. The Juices of Fruits 
ftrengthen them fomething more 
than the Juices of Roots or Herbs ; 
and the Juices of green Fruits a little 
more than the Juices of Fruits which 
are ripe. In general, vegetable 
Juices ftrengthen lefs than the Gra¬ 
vies of flefh Meats, and Water lefs 
than fermented Liquors ; whence 
Perfons who live upon flefti Meats 
and fermented Liquors have, cate- 
ris paribus, ftronger Fibres than Per¬ 
fons who live upon Vegetables and 
Water. Air is much woyle, from 
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putrid V apours and Exhalations* in 
Cities than in the Country* on 
which account* a Diet of flefh Meats 
and fermented Liquors taken in 
moderate Quantities* is more ne- 
ceffary in Cities than in the Coun¬ 
try, to ftrengthen the Fibres and 
preferve Bodies from Difeafes. Frefli 
Air is a great Strengthener of the 
Fibres, and a great Preferver of ani¬ 
mal Fluids from Putrefaction ,* and 
confequently does not require fb ge¬ 
nerous a Diet to keep Bodies in 
Health, as an Air corrupted by pu¬ 
trid Vapours and Exhalations. 

Ob/. 13. So then, by the fore¬ 
going Obfovations, animal Fibres 
feem to have their Strength, and 
Fluids their ftrengthening Powers, 
from the Acid of the Air, united 
with their component Particles by 
virtue of its ftrong Attraction. 


The 
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The Acid of the Air and other 
acid Spirits, feem to llave their at¬ 
tractive Powers from the Particles 
of Light united with their compo¬ 
nent Particles. For Sir Jfaac New¬ 
ton has lhewn from Experiments and 
Gbfervations, that both Acids and 
Light attract fix’d Bodies more 
ftrongly than they do Water, that 
the attractive Powers of the Parti¬ 
cles of Light in Proportion to their 
Quantities of Matter are exceed-? 
ingly great, for Inftance, the At-? 
traCtion of a Ray of .Light in Pro¬ 
portion to its Quantity of Matter, 
is above iooooooooooooooo times 
greater than the Gravity of a Body 
at the Surface of the Earth is in Pro¬ 
portion to its Quantity of Matter, 
and that Light enters the'Composi¬ 
tion of all Bodies ; from all which it 
is rational to attribute the attractive 
Powers of acid Particles to the Par-r 
tides of Light united with them. 
sriT From 
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From the immenfe Attra&ion of the 
Rays of Light in Proportion to their 
Quantities of Matter, Sir Ifaac New¬ 
ton makes the following Inference. 
u Tanta autem vis inRadiis, non 
cc poteft non ingentes effedtus ob- 
<c tinere in illis materia particulis, 
<c quibufcum in corporibus compo- 
cc nendisconjundtifintj adefiicien- 
cc dum, ut particular illae fe invicem 
cc attrahant, et inter fe moveantur. 
And he expreflfes much the fame 
Opinion in §)u. 30. of his Opticks 
in thefe Words* cc Are not grofs 
£ c Bodies and Light convertible into 
<c one another, and may not Bodies 
cc receive much of their Activity 
cc from the Particles of Light 
<c which enter their Compofition? 
<c For all fix’d Bodies being heated 
<c emit Light fo long as they con- 
<c tinue fufficiently hot, and Light 
“ mutually flops in Bodies as often 

“ as 
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u as its Rays ftrike upon their Parts, 
tc as we fhew’d above. 

Ohf. 14. Wit* Hales in his Vege¬ 
table Statich has {hewn that volatile 
Salt of Sal-armoniac diftill’d abforbs 
true permanent Air, or deftroys 
part of its Elafticity: But this Salt in 
Spirit of Sal-armoniac attra&s Acids 
fo ftrongly as to be able to draw them 
off from Metals and Earths diffolved 
by them, by the Experiments in 
Ohf 3 $ and the Particles of true 
permanent Air are of a fix’d and 
earthy Nature: And therefore it is 
rational to think, that the volatile 
Salts of Sal-armoniac diftill’d ab- 
forb true permanent Air, or deftroy 
its Elafticity , by drawing off an Acid 
from its component Particles. And 
if fo, then the fame Caufo which 
gives the Particles of fix’d Bodies an 
attractive Power when they touch, 
whereby 
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whereby they flick together, gives 
them a repul five Power whereby 
they fly or endeavour to fly afunder, 
when by Heat or Fermentation they 
are removed to fmall Diflances from 
one another. 



Proposition XXXVI. 


A Nimal Fibres by Age encreafe in 
Denfity and Strength, andleffen 
a little in Magnitude . 

Proof by Experiments. 
Experiment 1. 

T HE mean Strengths of the Hairs 
of three Females of the Ages 
8,22, 57 Years, were as the Num¬ 
bers 10309, 17967, and 25000, 
S f when 
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when the Hairs were dry: And fingle 
Hairs of thefe Pedons of die fame 
Strength when dry, were of the 
Strengths 7812,14285, and 2 2 2 2 2* 
when they were wet with cold Wa¬ 
ter. The mean Denfities of thefe 
Hairs were 16390, 11470, and 
12947, the Denfity of Water being 
10000. And their mean Diameters 

were ?55> 3^’ and ih P art of arl 

Inch. 

Exp. 2. The mean Diameter of 
the Hairs of 4 Girls, whofe mean 
Age was feven Years and a half, was 

part of an Inch, and their mean 

Denfity 10348. And the mean 
Diameter of the Hairs of 4 old Wo¬ 
men, whofe mean Age was 5 8 Years, 

was ~part of an Inch, and their 

mean Denfity 12692. Therefore 
the Propofmon is true. 

Cor. 
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Cor. 1. The Strengths of animal 
Fibres in Proportion to their Denfi- 
ties, are left in young Bodies than 
in old. For the mean Strengths of 
the Hairs of the three Females in 
the firft Experiment in Proportion to 
their mean Denfities, are as the 
Numbers 99220, 156643, and 
193095. 

Cor. 2. The Strengths of animal 
Fibres in Proportion to the Quanti¬ 
ties of Matter in equal Lengths of 
them, are lels in young Bodies than 
in old. For the mean Quantities 
of Matter in equal Lengths of the 
Hairs ufed in the firft Experiment , 
computed from their mean Diame¬ 
ters and mean Denfities, are as the 
Numbers 11544, 11414, and 

10568$ and their mean Strengths 
in Proportion to their mean Quan¬ 
tities of Matter, are as the Numbers 
?93°i, 157412, and 236563. 

- ' c r c _ 
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Scholium. 

From Fibres growing ftronger as 
Bodies grow older, without any In- 
creafe in their Quantities of Matter ,* 
it is evident that the Power which 
makes the Particles of Fibres to co¬ 
here and refill extending Forces, 
mud arife from fome very fubtile 
Matter, whofe Particles are endued 
with very great attractive Forces ; 
which fubtile Matter can be no other 
than Light. For the Particles of 
Light, from their exceeding Small- 
nefs, may enter the Compofition of 
Bodies in great Quantities without 
fenfibly increafing their Weights, 
and, from their ftrong attractive 
Powers, may make the Particles of 
the Bodies with which they are uni¬ 
ted cohere or flick together with 
great Force. Hence Fibres will 
grow ftronger perpetually as Bodies 
advance in Age, from their ftill get- 
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ting more and more of thefe active 
Particles from Food, Exercife, Fire, 
and that great Fountain of Light 
the Sun$ and confequently Bodies 
will grow old fooneft, whofe Fibres 
by the aforefaid Ways get the great- 
eft Quantity of thefe acftive Particles 
into their Compofition in a given 
Time. The Truth of all which 
appears from the following Obfer- 
vations. Old Woods burn more 
vehemently than young Woods of 
equal Drynefs, which argues that 
they contain more Light in their 
Compofition. Plants abound more 
with Oil and lefs with watry Juices, 
in Autumn than in Spring ,• but Oil 
contains much more Light in its 
Compofition than Water. Women 
fooner leave off Child-bearing, and 
Bodies grow old fooner,in hot Coun¬ 
tries than in cold. Plants of the 
fame Kind fooner come to their full 
Growth and wither fooner in fun- 
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{hiny than in fhady Places. And 
violent Exercife brings on old Age, 
which confifts in an univerfal Hard^ 
nels of the Fibres, as SanBorms has 
pbferved. This Hardnefs of the Fi¬ 
bres caufed by violent Exercife, may 
arife chiefly from a greater Quanti¬ 
ty of Light imparted to them in a 
given Time, by a greater Quantity 
pf Food and a greater Quantity of 
the Acid of the Air. For the watry 
part of the Food mull communicate 
Light to the Fibres on account of 
their attracting it more ftrongly 
than Water does, by Ohf. r 3. Prop , 
35. And if the Acid of the Air be 
of a watry IS ature, and differ chiefly 
from Water in containing much 
more Light in its Compofition than. 
Water does, as from fbme Obfer- 
vations is obvious to collect, then 
this Acid will do the fame as the wa¬ 
try part of the Food, and for the 
fame Reafonj and granting this. 
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fuch as take moft Food, and acquire 
moft of this Acid byRefpiration, in a 
given Time, muft, cater is paribus , 
have the ftrongeft Fibres: But fuch 
as ufe violent Exercife, take more 
Food and more frefh Air than 
others: And confequently they will 
fooneft acquire that Strength and 
Rigidity of the Fibres wherein old 
Age conhfts. 

Proposition XXXVII. 

T HE Fibres of Animals areftrong* 
er or weaker , as the Air abounds, 
lefs or more withwatry Vapours or pu¬ 
trid Exhalations , or more or lefs with 
acid Particles, or as it is colder or hotter . 

i. The Fibres of Animals are 
ftronger or weaker, as the Air a- 
bounds lefs or more with watry Va¬ 
pours. For all Sorts of Fibres, and 
moft other Bodies, sate drier or moift- 

er 
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er as the Air is drier or moifter; 
Woods fhrink and become lighter 
in dry Weather, and Iwell and grow 
heavier in wet Weather; and I have 
found Hairs ftretched with a very 
fmall Weight to be Ihorter in dry 
Weather than in wet, in the Day 
than in the Night. A Friend made 
a Hygrofcope of a Piece of Spunge 
throughly dried and counterpoifed 
by a Weight equal to it in that State, 
and obferved in general, that from 
the Sun-riling the Weight of the 
Spunge decreafed till Noon or a little 
after, and, if the Weather was not 
moift, flood there till towards Eve¬ 
ning, when it began to increafe, and 
increaled conliderably in the Night; 
that when the Window was left open 
in the Evening or Night the Weight 
increafed more; that it increaled 
very much even in the Day on walk¬ 
ing the Room next to the Clolet 
where it hung, tho 5 the Door was 

kept 
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kept lock’d ; and that it always in- 
creaked in wet Weather and decrea- 
fed in dry Weather. And it has 
been found by ftatical Experiments 
that human Bodies are lighter in dry 
Weather than in wet Weather, which 
argues that the Fibres of Animals 
are affe&ed by the Weather as other 
Bodies are, or that they are drier or 
moifter as the Air abounds lefs or 
more with watry Vapours : But dry 
Fibres are ftronger than Wet Fibres 
by Tab. 1. Prop. 35. A Hair was 
ftronger when dry than when wet 
with cold Water in the Proportion 
of 100000 to 1428 5. I wet a Hair 
with cold Water, and then fiiffer’d 
it to dry, and found it to be ftronger 
in the leventh Extenhon than in the 
firft which was made immediately on 
leaving off wetting it, in the Propor¬ 
tion of 71 to 3 4 > which {hews that 
wet Fibres grow ftronger as they 
grow drier: And therefore the Fi- 
T t brcs 
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bres of Animals are ftronger of 
weaker, as the Air abounds left or 
more with watry Vapours. 

2. The Fibres of Animals are 
ftronger or weaker as the Air abounds 
left or more with putrid Exhalations. 
For Salts become volatile by Putre¬ 
faction, by Schol. Prop . 29 j and 
confequently when the Bodies of A- 
nimals and Vegetables aredilfolved 
by Putrefaction, their Salts become 
volatile, and afcending into the Air 
deftroy lome Part of its Acid and 
lelfen its Elafticity, by virtue of the 
great Power wherewith they attract 
acid Particles, and on both theie 
Accounts thole Salts weaken the Fi¬ 
bres of Animals more or left, as the 
Air abounds more or left with them. 
There may likewile be Differences 
in the Natures and Powers of theie 
putrid Salts, by which when mix’d 
with the Blood of Animals they may 
aCt very differently both upon it and 
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the Fibres, and fo caufe Epidemick 
Difeafes of various Kinds. But the 
EffeCts arifing from the different 
Natures of thefe Salts, I leave to be 
determined by farther Experiments 
and Obfervations, 

3. The Fibres of Animals are 
ftronger or weaker as theAir abounds 
more or lefs with acid Particles. The 
Truth of this appears from the Ob' 
fervations on th tTabks of Prop . 3 y. 

4, The Fibres of Animals are 
ftronger or weaker, as the Air is 
colder or hotter. For Cold con' 
denies animal Fibres as well as other 
Bodies by bringing their Parts near¬ 
er together, and Heat rarefies them 
by removing their Parts to greater 
Diftances from one another: But 
the nearer the Parts of Fibres are to 
gne another, the greater are the at¬ 
tractive Powers of thofe Parts, all 
Attraction being ftronger at lefs Di¬ 
ftances than at greater; and the 

T t 2 greater 
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greater the attractive Powers of the 
Parts of Fibres are, the greater is the 
Strength of the Fibres: And there¬ 
fore the Fibres of Animals are 
ftrengthened by Cold and weaken’d 
by Heat, and confequently are 
ftronger or weaker as the Air is 
colder or hotter. Accordingly I 
have found Hairs to be ftronger in 
W inter than in Summer, and they 
are much ftronger when wet with 
cold Water than when wet with hot 
Water, by Tab . i. Prop. 3 y. There¬ 
fore the Proportion is true. 

Proposition XXXVIIJ, 

T F dry Fibres of different Strengths 
* be wetted with Water , or Fibres 
wet with Wvter of different Strengths 
be dried $ the Loffes of Strength of the 
firfi In Proportion to their Strengths 
when dry , and the Gains of Strength 
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of the fecond in Proportion to their 
Strengths when wet , will each of them 
he lefs in fironger Fibres than in weaker * 

Proof by Experiments. 

TJ1VE Hairs were extended by a 

given Weight in equal Times, 
thro 5 the Spaces 3, 4, y, 6 , 7, when 
the Hairs were dry $ and thro 5 the 
Spaces 7^, 12^, 36, 60, 89, when 
they were wet with Water. Their 
Strengths computed from thefe Ex~ 
tenfions,were as the Numbers 3333, 
2joo, 2000, 1 666 x 1428, when 
the Hairs were dry $ and as the Num¬ 
bers 1333, 800, *66, II2 > 

when they were wet. And their 
Loffes of Strength by being wetted, 
were as the Numbers 2000, 1700, 
17*3, I J°°? 13165 which Num¬ 
bers likewife exprefs the Gains of 
Strength which the wet Hairs would 
have acquired by being dried ; for I 
have found that Hairs wet with Wa¬ 
ter 
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ter recover the fame Degrees of 
Strength by being dried, which 
they lofe by being wetted. And the 
Lofles of Strength of the dry Hairs 
by being jetted, in Proportion to 
their Strengths when dry, were as 
the Numbers dooo, 68oo, 86iy, 
poo 3, 921 y: And the Gains of 
Strength of the wet Hairs by be¬ 
ing dry’d, in Proportion to their 
Strengths when wet, were as the 
Numbers 1500,2125,6220,9036, 
117 5 o. Therefote the Proportion 
is true. 

Cor . Hence we fee the Reafon 
why Perlons of weak Fibres are more 
affedted by Changes of Weather 
from dry to wet and wet to dry, than 
Perfons of ftrong Fibres. For thofe 
muft certainly be moft affected by 
thefe Changes, whole Fibres alter 
moft in their Strength with relpecft 
to the Strength they had before the 
Changes happened. Accordingly 
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We often find Perfons of weak Fibres 
complain of Lownefs of Spirits and 
Pains at the coming on of wet Wea¬ 
ther, but feldom obferve Perfons of 
ftrong Fibres to be troubled with 
thofe Complaints. 

Proposition XXXIX. 

I F the fame Fibre both dry and wet 
be extended and contraBed alter¬ 
nately for fome Time , it will in both 
thefe States lofe Part of its Strength by 
this Motion $ and the Lofs in a given 
Time in Proportion to the Strength at 
the Beginning of the Motion , will be 
lefs when the Fibre is dry , than when 
it is wet . 

Proof by Experiments. 

I Extended a dry Hair by a given 
Weight five times fucceffively, 
taking off the appended Weight af¬ 
ter every Extenfion, and fuffering 

the 
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the Hair to contraft as long as it was 
extending, which was two Minutes 
of Time. The fir ft Extenfion was 
5 and the laft whence by the 
firft Proportion the Strength of the 
Hair in the firft Extenfion was as 
20000, and in the laft as 18181 ; 
and the Lois of Strength by the Mo- 
tion as 1819, and the Lofs in Pro¬ 
portion to the Strength at the Be¬ 
ginning of the Motion as 909. Afi* 
ter this, I wet the fame Hair, and 
kept it wet during five other Exten- 
fions, the firft of which was 6 4 and 
the laft 9 3. The Degrees of Strength 
correlponding to thefe Extenfions, 
were as the Numbers i$ 6 z and 
1075; and the Lois of Strength by 
the Motion in this State of the Fibre 
was as 487, and the Lofs in Pro¬ 
portion to the Strength at the Be¬ 
ginning of the Motion as 3118. 

I extended another Hair 7 times, 
both when it was dry and when it 

was 



Animal OEconomy. 335 

was wet with Water, and found the 
firft and feventh Extenfions to be 6 
and when it was dry. The 
Strengths correfponding to thefe 
Extenfions were as the Numbers 
16666, 148154 and the Lofs of 
Strength by the Motion as 1851, 
and the Lofs in Proportion to the 
Strength at the Beginning of the 
Motion, as hi. When the fame 
Hair was wet, the firft and feventh 
Extenfions were 8 j and 102. The 
Strengths correfponding to thefe Ex¬ 
tenfions were as the Numbers 1176, 
980, and the Lofs of Strength by this 
Motion was as 19 6, and the Lofs in 
Proportion to the Strength at the 
Beginning of the Motion, as 166, 
Therefore the Propofition is true. 

Cor . Hence we have one Reafbn 
why fpare dry Bodies are not fo foon 
tired by Labour and Exercife, as Bo¬ 
dies which are grofs and phlegma- 
tick. For the Fibres of the former 
U u are 
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are drier than the Fibres of the lat¬ 
ter ; and confequently, by this Pro - 
pofition , lofe lefs Strength in a given 
Time in Proportion to their Strength 
at the Beginning of the Motion,than 
the others do: But thofe Bodies mud: 
certainly bear Labour and Exercile 
longed: without Fatigue, whofe Fi¬ 
bres lofe lead: Strength in a given 
Time in Proportion to their Strength 
at the Beginning of the Motion. A- 
nother Reafon why the former can 
bear Labour and Exercife longer 
without Fatigue than the latter, is, 
that they have lighter Bodies to 
move, and (Longer Mufcles to move 
them. 


Proposition XL. 


y 1 1 HE Contraction of a Fibre in a 
given Time , in Proportion to its 
Fxtenfion caufed by a given Weight 
in the fame Time j is fomething lefs in 
Jlronger 
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firongcr Fibres than In weaker , both 
when the Fibres are dry and when wet 
with Witer. 

Proof by Experiments. 

Exp. i.- I "'HE Extenfions in 2 Mi- 
-i- nutes of 1 dry Hairs of 
a Girl 8 Years of Age, were 7, 21, 
and their Contractions in the fame 
Time were d|, 20. And the Ex¬ 
tenfions of the lame Hairs when wet 
with Water were 7 2,118 ,• and their 
Contractions 71-, 117. And the 
Contractions in Proportion to their 
refpeCtive Extenfions, were as the 
Numbers 9464, 9^23 when the 
Hairs were dry, and as the Numbers 
9895, 991 j when they were wet 
with Water. 

Exp. 2. The Extenfions of 2 dry 
Hairs of a young Woman 22 Years 
of Age were 4^, 8 ,* and their Con¬ 
tractions in the fame Time 4, 7 t* 
And the Extenfions of the fame 
U u 2 Hairs 
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Hairs when wet with Water were i y, 
924 and their Contractions 14^, 
91^. And their Contractions in 
Proportion to their refpective Ex- 
tenhons were8888,9375 when the 
Hairs were dry, and 9417, 9918, 
when wet with Water. 

Exp . 3. The Extenfions of 2 dry 
Hairs of a Woman 57 Years of Age 
were 5, 13-, and their Contractions 
in the fame Time 4-, 12-. And 
the Extensions of the fame Hairs 
when wet with Water were 12 j, 77, 
and their Contractions 21-, 

And their Contractions in Propor¬ 
tion to their refpective Extenfions 
were as the Numbers 9000, 9444 
when the Hairs were dry, and as the 
Numbers 9 666 y 9838 when wet 
with Water. Therefore the 
pofition is true. 

F 1 n 1 



